NEWS 


) 

l 


l 

f 


t 

i 


E 


( 

j 

f 


f 


i 

I 


ty 


COLD FUSION' 


u ibs >wn 


Washington 

To no one’s surprise, the panel set up by 
the Department of Energy (DoE) to 
assess cold fusion has sent in a negative 
report. An interim opinion released earlier 
this year by the panel, a group of 23 
electrochemists, nuclear physicists and 
materials scientists assembled by the 
DoE’s Energy Research Advisory Board 
(ERAB), acknowledged that there were 
some odd and unexplained results in the 
air but recommended against any special 
support of cold fusion experiments (see 
Nature 340, 174; 1989). The panel’s final 
report expresses the same verdict a little 
more forcefully, but the ERAB meeting at 
which the report was approved and passed 
on to DoE Secretary James Watkins did 
reveal some differences of opinion on the 
significance and credibility of the handful 
of ‘positive’ results still extant. 

Summarizing the final report, John 
Huizenga, a professor of physics and 
chemistry at the University of Rochester 
and one of the ERAB panel’s co-chair- 
men, showed little patience with those 
who have continued to claim that there is 
at least a little evidence for cold fusion of 
the heat-producing variety. None of the 
calorimetry, he declared, was of good 
enough quality to be believed, and in any 
case calorimetry alone would never prove 
the case. Huizenga was particularly 
unhappy with those who argued that 
because the claimed excess heat could not 
possibly be of conventional origin it had to 
be nuclear, despite measurements which 
showed unequivocally that no fusion 
products were being generated. 

Discounting the calorimetry, the only 
anomalous claim still needing an explana- 
tion was that of Kevin Wolf of Texas 
A&M University, who repeatedly finds 
tritium in his electrochemical cells. But 
new evidence from Wolf, discussed at last 
week’s ERAB meeting, argues against a 
nuclear origin. Tritium produced by 
deuterium fusion comes with an energy of 
1 MeV and is accompanied by a 3 MeV 
proton. Energetic tritons will react with 
deuterium, either in the palladium 
electrode or in the electrolyte, producing 
secondary neutrons, and the protons can 
excite some palladium nuclei, which give 
up a 500 keV photon on de-excitation. In 
his latest experiments, Wolf has searched 
for both these secondary signatures and 
found nothing. His tritium, therefore, 
must have some kind of low-energy origin . 

Nevertheless, Wolf has also searched 
minutely for sources of contamination, 
and found nothing there either. 

This puzzling result, together with a few 
calorimetric measurements that he found 
somewhat convincing, led recent Nobel 
prizewinner Norman Ramsey of Harvard 
University (see Nature 341, 556; 1989), 
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the panel’s other co-chairrqan, to con- 
clude that the case against cold fusion was 
net closed. At his insistence] a preamble 
was added to the report’s j conclusions 
which notes that “it is not possible to state 
categorically that all the claims for cold 
fusion have been convincingly either 
proved or disproved”. 

Huizenga felt that this preamble 
“weakened” the report, but Ramsey and 
some others felt that the report would 
undermine itself if it looked too dogmatic 
in its dismissal of the evidence. 

On the subject of the lowdevel fusion 
process espoused by Steven Jones of 
Brigham Young University 1 , the panel 
agreed that more work was needed, 
although here again Huizenga, noting that 


Munich 

East German researchers now living in 
West Germany are happy but sceptical 
about the events in East Germany that 
culminated in last week’s opening of the 
Berlin Wall. No one disputes that the open- 
ing of the borders is a momentous and 
irreversible step, but many doubt that the 
effects of 40 years of Communist repression 
can be wiped away overnight: the repres- 
sive system is more deeply entrenched in 
East Germany than, for example, in 
Hungary, which has also enacted radical 
reforms this year. 

Under the old system, saidja number of 
researchers, Party members and other 
desirables were given the opportunity to 
travel abroad, publish in foreign journals 
and make progress in their scientific careers, 
but those who lacked an ideological pedi- 
gree were cut off from the West and forced 
to engage in political activities against their 


all the claims were of marginal statistical 
significance, seemed less impressed than 
some of the other panel members that 
there really was a phenomenon to be 
explained. 

Although he showed some sympathy 
for those still making claims for cold 
fusion, Ramsey also said that if the results 
on which the claims were based came from 
his laboratory, he would keep quiet and 
do more experiments until he understood 
better what was going on. The ERAB 
report accepts that people are free to 
submit experimental proposals to granting 
agencies in the hope of obtaining support 
for cold fusion experiments, but re- 
commends that only if experiments are 
likely to yield useful results — closed-cell 
calorimetry with simultaneous nuclear 
monitoring is deemed essential — should 
support be given. David Llndley 


will. The pessimism brought on by such 
obstructions caused these people, like so 
many others, to escape. 

Those who tried to leave by legal means 
found that as soon as they submitted visa 
applications, they were forbidden to work 
in their laboratories. One said he was re- 
instated only after an invitation to a scien- 
tific meeting from a prominent West 
German research institution, in which he 
now has a job. But the only way to find out 
about such opportunities is to have personal 
and professional contacts, said another. 

Researchers said after the recent lifting 
of travel restrictions that they were waiting 
to see if the changes are large enough to 
encourage development of a system based 
on personal achievement and not privilege. 
Even so, East German research labora- 
tories will still lack the money to order basic 
supplies, let alone to subscribe to foreign 
journals. Steven Dickman 


West Germany continued to welcome all those who 
came over from East Germany on Friday, even though 
the capacity of the refugee camps had nearly been 
exhausted. Most of the refugees who had arrived 
before the Wall came down see,med to be in prac- 
tical, not academic, professions, although an 
accurate tally was made impossible by the large 
numbers. But organizations involved in helping 
East German researchers and jacademics get on 
their feet in West Germany said they would need 
much more money to continue tl;ie process. 

Uta Paffhausen of the Education Ministry reported 
that the number of applications for “adjustment 
aid", given to help East German emigrants find 
academic posts, had risen to about 50 in the past 
two months. The grants are provided by the ministry 
as well as by the Otto Benecke Foundation. The 
ministry also administers a programme to provide 
fellowships for refugees whose| training is unsuit- 
able for working in West Germany. The two pro- 
grammes were to provide a tot^l of DM 24 million 
($13 million) in 1990 when the refugee total was 
still expected to be about 60,000. But by 10 November, the number had topped 500,000, 
including 200,000 East Germans and another 300,000 ethnic Germans from Poland and the 
Soviet Union. Photo: The wall ne'ar Checkpoint Charlie last Friday, seen from the East (AP). 



EAST GERMAN EXODUS -j 

Problems remain for those who stay 






Mechanism of solid-state fusion 


S IR — Experiments by Derjaguin et aV 1 2 3 
indicating that MeV neutrons were emit- 
ted during the destruction of heavy ice 
or monocrystals of LiD went almost 
unnoticed, whereas recent claims of ‘cold 
fusion’ 3,4 have attracted worldwide atten- 
tion, ranging from highly enthusiastic con- 
firmations to equally sceptical rejections. 
Here we wish to present some relevant 
considerations of mechanisms which 
could enhance nuclear interactions in the 
solid state. 

A body of experimental evidence 5,6 
suggests that hydrogen resides in transi- 
tion metals as a simple ‘lattice gas’. 
Although the rate for nuclear fusion of 
d + d in the lattice may be increased over 
the ‘free’ rate because of screening of the 
repulsive Coulomb potential by lattice 
electrons, the enhancement cannot be 
large enough 7 to explain the claims of refs 
3 and 4. Likewise, single-neutron tunnel- 
ling at low energies (the Oppenheimer- 
Philips mechanism 8 ) will not do the job, 
and an excited resonance state in 4 * 6 He (ref. 
9), because under these conditions the 
tunnelling time is much longer than the 
lifetime of the resonant state. 

Any enhancement of the fusion rate 
must then be ‘chemical’ in origin — the 
potential barrier between deuterons may 
change shape substantially, or deuterons 
may gain some unusual thermal activation. 

An increase in the density and effective 
mass of lattice electrons can cause a 
decrease of the shielding radius and a cor- 
responding increase in barrier penetra- 
bility. In addition, the combined effects of 
a redistribution of electrons and lattice 
deformation may produce a local mini- 
mum in the potential barrier. Under the 
right conditions, a quasi-stationary com- 
plex can form, and an effect known as 
resonance transparency may appear 10 . If 
such a complex has a vibrational frequency 
with an energy ~ 0.1 eV, the effective 
collision frequency of deuterons can be 
greater by as much as a factor of 10 9 over 
the simple ‘lattice gas’ value. 

A considerable increase in the fusion 
rate would also come about if a single 
deuteron were able to acquire ~ 10 keV 
of energy. In a lattice in equilibrium such 
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an energy transfer would not occur, but 
perhaps during the destructioh of a lattice 
there might be significant localization of- 
the destruction energy, which could be 
transferred to absorbed dquterons. A 
macroscopic version of this effect is found 
in the electrostatic acceleration of deu- 
terium ions in cracks, which, j as noted by 
Cohen and Davies in their recent News 
and Views article 11 , is apparently respons- 
ible for the appearance of neutrons during 
the shock destruction of DjO and LiD 
(refs land 2). 


This is then a problem in piconuclear__ 
(pressure-induced) reactions rather than 
in thermonuclear reactions. Common 
features may apply in the various experi- 
ments: high overvoltages and D compres- 
sion in ref. 3, cold fusion in natural 
geophysical conditions in ref. 4, and high 
static pressures and shears in refs 1 and 2. 

Vitalii 1. Goldanskii 
Fyodor 1. Dalidchik 
N.N. Semenov Institute of Chemical 
Physics , 

USSR Academy of Sciences , 

Ulitsa Kosygina 4, 

11 7334 Moscow , 

USSR 


Sex in diploids 

Sir — Kirkpatrick and Jenkjins 1 suggest 
that the origin and maintenance of sex 
in diploids is related to thb advantage 
conferred by genetic segregation. They 
contend that the segregation advantage 
gained by facilitating the fixation of 
advantageous mutations more than 
compensates for the twofold reproduction 
advantage of asexual reproduction. We 
point out here that the j segregation 
advantage they discuss is present even 
when only a very small proportion of 
individuals in a population reproduce 
sexually. 

To illustrate this, we have compared the 
pattern of increase in the frequency of a 



The change in frequency of advantageous mutation A for dif- 
ferent amounts of sexual reproduction. For the curve on the far 
right the proportion of sexual Ireproduction is 10 -7 (1 in 10 
million individuals reproduce sexually). Successive curves to 
the left are for increasing amounts of sexual reproduction 
(10 -6 , 10 -5 , . . 10 _1 ). The curve for 10 per cent sexual 
reproduction is indistinguishable from 100 per cent sexual 
reproduction. 

favourable allele in a population with only 
sexual reproduction to that in populations 
where there is a mixture of sexual and 
asexual reproduction 2 . As ari example, the 
figure shows the change in aljelic frequency 
of advantageous mutation A when there is 
a 10 per cent selective difference between 
homozygotes and the hetejrozygotes are 
exactly intermediate in fitness. Note first 
that the initial increase from 0.001 to 
nearly 0.5 occurs essentially at the same 
rate for all levels of sexual reproduction. 

Furthermore, even if therejis only a very 


small amount of sexual reproduction, the 
continued increase of the advantageous 
allele from 0.5 to fixation is nearly as fast 
as that in a completely sexually reproduc- 
ing population. 

Kirkpatrick and Jenkins show that there 
is a plateau at a frequency of 0.5 for the 
heterozygous asexual population while it 
is waiting for the occurrence of a second 
mutation. We observe a temporary 
plateau at an allelic frequency of 0.5 only 
when the proportion of sexual reproduc- 
tion is about 10 -6 or smaller. This plateau, 
which is generally very short and in the 
most extreme case in the figure only 
doubles the time to fixation of the favour- 
able mutant, occurs because the population 
consists of nearly 100% heterozygotes at 
the beginning of this period 
and is waiting for segregation 
to produce AA homozygotes 
(which it will at a rate about 
l A times the rate of sexual 
reproduction). We also find 
that the relative duration of 
this plateau is even shorter 
when the selective difference 
between the homozygotes is 
reduced. 

A number of species have a 
small (but not zero) amount 
of sexual reproduction 2,3 . 
Perhaps this is a way in which 
a species can have both the 
segregation advantage dis- 
cussed by Kirkpatrick and 
Jenkins and the twofold 
advantage of asexuality many 
others have noted. In other 
words, we see why some sexual reproduc- 
tion should be favoured over complete 
asexual reproduction because of the seg- 
regation advantage, but it is not clear why 
a lot of sexual reproduction should be 
favoured over a little 4 . 

Philip W. Hedrick 
Thomas S. Whittam 
Department of Biology, 

Pennsylvania State University ; 

University Park, 

Pennsylvania 16802, 

USA 
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1 November 1989. 


0. A Long Awaited result: the Steve Jones - Moshe Gai Collaboration 
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00. Fallout from the Closed NSF/EPRI Meeting 

5. Visit to Texas A&M 

6. Visit to Gainsville, Florida 

7. Hot/Cold Fusion Clusters at BNL 

8. Ion Implantation and other Research at IPP, Munich 

9. Results from the Paul Scherrer Institute, Zurich 

10. Discussion of the Tritium Results 

11. Other Items 


11.1 Results from Japan 

11.2 Results with Dry Titanium Cells from Culham Lab, UKAEA/Euroatom Fusion 

11.3 Results with Constant Temperature Calorimetery from Brazil 

11.4 Posible Titanium Fracture giving Neutrons at Moscow 

11.5 Results from Frascati/Rome in Gran Sasso 

11.6 Results from Mexico 

11.7 Possible Explanation of Excess Heat 

11.8 Santa Fe Highlights Issued 

11.9 BNL Closed Calorimeter Results Soon 


LEP UP-DATE 


0) A LONG-AWAITED RESULT; the Steve Jones - Moshe Gai Collaboration 

At the Santa Fe meeting. May 24th, Moshe Gai challenged publically 
Steve Jones to come to Yale and repeat his experiment giving neutron bursts. 

This is what many had wanted - a believer and a sceptic working together as 
scientists first. Steve gallantly accepted. At the end of August the experiments 
were performed at Yale by 7 people from Yale and Kelvin Lynn from BNL plus 
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Steve. 

A non-press Press Release was issued saying they would say nothing until they 
were ready. Was told in Utah that neutron bursts had been observed but out of 
respect for their agreement did not repeat it. Now they have issued a 
preliminary report for the DOE/ERAP panel saying they have found no bursts. 
Essentially the small fluctuations in the number of neutrons observed both 
coincided with cosmic ray events. 

An abstract of the Abstract is; 

In a search for bursts of neutrons from Ti in pressurized 
D2 gas cells ("dry cells"), no statistically significant deviations from the 
background were observed for events where 5 or more neutrons are detected over 
a ten day experiment, including 103 hours of counting with cells on, and 
28 hours counting of various backgrounds. Up to four cells were used including 
some 60 grams (each) of 662 Ti fillings in a pressurised cylinder with 40 to 60 
atmospheres of D2 gas..... The samples were cooled to liquid nitrogen 
temperature and placed in front of the (12) neutron detectors while warming up 

to 

room temperature. Seven cooling cycles (of some 9 hours each) were used for 

each sample Two events including 5 detected neutrons were observed in the 

background runs and two events including 5 and 6 detected neutrons were 
measured with the cells on. All four events were vetoed by the cosmic ray veto 
counter and they appear consistent with background events. The 3 sigma upper 

limit is smaller than 27 neutrons over 103 hours .from some 200 grams 

of Ti 

There is a disclaimer (?) saying some further analysis at BYU is in progress 
so there may be more to come. But the essential point is that the results of 
Menlove, Jones et al. reported at Santa Fe vei|psoon after the results were 
obtained, where bursts of neutrons were claimed to be observed after 40 minutes, 
is not confirmed in a careful experiment with a high quality set of neutron 
counters . 

00) FALLOUT FROM THE CLOSED NSF/EPRF MEETING 

A The manner in which the engineering 
section of the National Science Foundation organised the recent cold fusion 
meeting in Washington is still causing discussion. Invitations were strictly 
limited and although in the world there are many more groups with negative 
results than positive results, only about four "sceptics" were invited of whom 
two refused, whereas most of the remainder (though not all) were "believers" - to 
use the believers 1 nomenclature. At the start of the meeting there were some 
requests to restrict information - some said it was a request for secrecy, that 
the meeting wass confidential, others that it was only to protect people who 
were giving preliminary results. This not new but the blanket request is new. 
Some were surprised there was a press release afterwards as the conference did 
not come to an agreed conclusion. Now Robert Park of the APS writes that the 
organisers plan to issue their report just before the DOE panel's long 
announced date of 15 November for giving their final report. He further writes 
that the APS President, James Krumhansl, has requested the National Science 
Board to "examine the cicumstances surrounding NSF involvement" in the 
NSF/EPRI meeting. 

At the start of the meeting Paul Werbos of the NSF said they would like to 
have a status report on Cold Fusion and a possible programme of basic research. 

A review talk was given but only published papers were reported - this is a bias 
since people with positive confirmation are (initially at least) happy to 
publish while those with null results tend to spend more time checking before 
saying or admitting that they cannot find a published effect. Nonetheless the 
papers were more negative than positive. Most papers are not yet published and 
an up-to-date and balanced account needs to have also submitted papers and 
other information . 

5 VISIT TO TEXAS A&M UNIVERSITY 

Dick Arnowitt of the Physics Dept arranged 
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for me to give a lecture on the Status of Cold Fusion and also arranged 
three meetings with groups obtaining positive results. 

5.1 Drs. Packham and Wolf. 

Dr Packham who works with Dr. Bockris (absent at 
the conference in Japan), was initially busy with people from EPRI, but had me 
shown their cells. There were many small cells, most carrying current, some 
with stirrers. None seemed to be active(giving excess heat) while I was there. 
The experiments seemed clean and well-organised. No cell that I saw was 
completely closed with a catalyst inside. Later Kevin Wolf took me around 
the Cyclotron Laboratory which is a large organisation with strict entry 
controls (this was quoted as being important to exclude the possibility of 
anyone contaminating the tritium samples which were measured there). The 
neutron measurement lab was in a separate room and looked reliable and showed 
experience. Was later given several papers; 

5.1.1 Tritium measurements 

A paper by Packham et al. (J. Electro. Anal. Chem. 
270(1989)451-458 ), is carefully and well-written (and very different from 
earlier versions). It is found that 

1) the production of tritium is erratic in time and in pre-treatment of 
the cathode 

2) the amount of tritium found in the electrolyte varies from 1 E 4 to 5 E 6 
dpmml-1 while in a gas sample 5 E 7 was measured. 

3) This later version emphasises the many checks that were made including 
controls with light water(not in earlier version). The tritium measurements 
were made at 5 different labs and the results were consistent. 

4) neutrons were not observed to be produced at the same rate as would be 
expected from the positive tritium values. 

5.1.2 Excess heat production 

The paper of Kainthla et al. (Electrochemica Acta 
34 (1989) 1315-1318) says that of 10 cells, 3 were observed to give heat bursts, 
one for 33 hours. The paper is difficult to follow and a complete coherent 
description is awaited - though the use of a closed calorimeter would 
simplify things. The effect is basically that the observed heat rise as the 
power is increased, is more (by less than one degree) than that expected from 
the calibration curve. There is no discussion of all the possible other 
effects . 

5.1.3 Simultaneous observation of excess heat and tritium production 

The amount of tritium observed is much less than what would be expected from 
the 1 . 1 or 2 to 5 or 5 Watts as diversely claimed, but Dr. Bockris has just 
sent me a graph showing simultaneous observation of tritium and excess heat 
production. From the 11th to 20th September only excess heat was observed but 
until the 8th October tritium is also observed in both the cell and in the gas. 
It seems that there is still a discrepancy between the excess heat and 
the corresponding amount of tritium observed if the excess heat were to come 
from fusion - but will await the experimenters' paper. 

The question of the tritium work is discussed more fully in Section 10. 

Was also given a paper "Eight Chemical Explanations of the Fleischmann-Pons 
Effect" by Kainthla et al. which is a fuller version of the talk that Dr. 

Bockris gave at Santa Fe. It concludes that "no individual one is sufficient 
to explain the heat produced. All of them together can only explain heat as 
much as 3 watts -cm3". 

5.1.4 Sparks 

Kevin Wolf, who is a serious observer, told me that he had 
seen sparks coming from a cell while it was in the dark. This is intriguing 
and should be easy to follow up experimentally. It is perhaps not unexpected 
as the cathode is under stress and could crack. It would be good to search for 
coincidences of light flashes with other effects. Similarly it would be 
useful to follow up the suggestion made by Dick Garwin at Santa Fe to put 
a microphone against the cathode. 


5.2 Drs. Appleby and Murphy 
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Discussed with Drs. Appleby and Murphy and 
was given two papers. One describes the measurements reported at Santa Fe 
and Varenna. The curves look impressive and seem to show a correlation between 
the excess heat generated and the current in the cells. The derived rate 
of power generated is in the range 4 to 25 Watts. However what is actually 
measured is much less, about 40 milliwatts which is safely above the precision 
claimed of one microWatt - but this is not the same as the background which 
does not seem to be given. It is curious that as the current is increased from 
0.3 to 0.6 to 1.0 A/cm2, the power is roughly steady at 29, 38 and 38 milliWatt 
- this is explained by deducing that the efficiency decreases from 31.5 to 13.2 
to 6.1% resp. This is reminiscent of the positive neutron measurements where the 
effect seems to be always about three to five times background no matter 
what the background level is. 

The question of the claim to be observing 4 to 25 Watts/cm3 could easily be 
solved by making a bigger cell with a one cm3 cathode and actually measuring 
25 Watts and not 40 milliwatts e.g. by boiling some water. 

Was given Tables of the latest results which showed that between the 
11 and 15 May (before Santa Fe) excess heat of 13 to 23 Watts/cm3 were obtained 
consistently and between 27 and 31 May (after Santa Fe) further measurements 
were carried out with light Hydrogen instead of Deuterium and no excess heat 
was observed, with values ranging from “3.28 to +0.01 Watts/cm3 (this could be 
considered a measurement of the background). In both cases the electrode was 
previously charged for two days at 0.06 A/cm2 - this is interesting as it 
answers those who claim that to obtain positive effects it is necessary to 
charge for long periods (months), and this is consistent with measurements 
of the time to load the cathode with deuterium of about half a day. Further 
the positive results of 20 Watts/cm3 were obtained with cell currents of 
0.098 A/cm2 - this answers those who claim that effects can only be obtained 
with very large currents . 

The second paper was interesting for the ^comments it makes on Pons and 
Fleischmann* s work and a possible influence of lithium. The essential result was 
that when the electrolyte was changed and Sodium hydroxide was substituted for 
Lithium hydroxide, then the excess heat ceased. Since Lithium can penetrate into 
the palladium catalyst but very slowly, it is suggested that "the results show 
that excess enthalpy production requires the presence of lithium in the 
electrolyte, indifferently the 6Li or 7Li isotopes. This suggests that a 
superficial chemical process underlies the effect, although it does not mean 
that the excess heat is of chemical origin." This is in contradiction to 
Fleischmann and Pons who ksaid it was a volume effect though "their data 
scarcely suggest this, since at 0.008 A/cm2 changing the electrode volume by 
a factor of 16 increased the excess heat flux by only 28%. " 

As far as I can make out no new work has been done since about the end of May 
and Drs Appleby and Murphy explained that this was caused by an absence of 
funding. This is surprising in view of the nature of their results and in view 
of the fact that they are claiming a much higher reproducibility rate than 
anyone else - about 80% (though it did not work when the DOE Panel came for a 
very brief visit). In their first paper (quoted "Nature, in press"), it is 
written that the work was supported by EPRI . 

Since the work is intriguing, one would be inclined to believe it if it 
were repeated with reasonably sized cells which really gave 20 Watts/cm3. 

5.3 Lecture on the Status of Cold Fusion. 

Gave the same lecture on the Status 

as at Utah. Again it was reasonably well received by a smaller audience. 

However during the questions and comments had some powerful remarks by a 
non-academic person saying that it was very difficult to get positive results 
and everyone who did it had to work very hard, but to find nothing was very 
easy and implying that people who did not find anything did not work hard. This 
rather shocked me and I replied that there were two things; 

1) I knew many of the people who had obtained null results and who had placed 
stringent upper limits on the effects, and they had worked very hard - quoted 
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the case of David Williams* group at Harwell who for three months never had a 
day off 

2) Found his remark insulting to people who had not found any effect, and 
suggested he might like to withdraw his comment. 

Looking at him I realised he would not reconsider his comment, so to avoid 
trouble for my hosts, switched to the next questioner. 

It would be comforting to think that these non -scientific slurs were 
confined to non-academic people, but found the following in a paper "a principal 
difficulty has been that many electrochemically inexperienced investigators 
have tried but failed, to reproduce the alleged heat** - not too subtly 
suggesting the reason they failed was because they were inexperienced. But 
people like Drs . Williams, and Kreysa to mention only two who are friends of 
Martin Fleischmann, are experienced electrochemically, plus Drs. Lewis, 

Pet it jean and others and have also tried and "f ailed* 1 to reproduce excess heat 
but have given tight upper limits on the effect which are less than the 
phenomena claimed. 

6. VISIT TO GAINSVILLE , FLORIDA 

In Gainsville there are two groups in the 
same building working on Cold Fusion. The Downstairs group of Profs 
Schoessow and Wethington have reported that they have observed heat, 
neutrons and tritium and the Upstairs group of 14 people of different 
skills, led by Dr. Muga who have found no effects. 

Working part-time, Profs Schoessow and Wethington have essentially built their 
apparatus themselves, having an average of 74, this is a fine achievement. 

It consists essentially of a large container with two cells in it and water 
flowing through. The temperature of the water is measured entering and leaving 
each cell, and the rate of water flow is measured with a graduated container 
and a stopwatch - simple but effective. Their initial tritium measurements 
were controversial because of doubts about the purity of the D20 added. 

Their neutron counting system is very simple and would be quite adequate if 
they were to observe fusion producing say 0.1 Watts for then there would be 
IE 11 neutrons per second. However if the neutrons to be measured were only 
10 or 100 times background, then from experience, such a simple system is 
not enough for the precise measurement of neutrons and for distinguishing them 
from backgrounds from radon, radioactive decay in plaster, concrete etc, and 
from gammas. The measurement /3f neutrons is very difficult and takes, in 
general lots of experience (will try and distribute a note later about 
how not to measure neutrons) . The gamma ray detector looked safer and could 
give reliable results after controls. The calorimetry looked delightfully 
straightforward. A first cell was found to give 60% excess heat with D20 
but only 4% with H20. During my visit one cell had been running for 27 days 
and the other for 16 days and were giving about 40% excess heat. The current 
was generally about 100 to 200 mA but had been varied between 30 mA and 1 Amp. 

Mentioned to Glen Schoessow that I was worried the calibration had not 
been done and suggested a simple heater be inserted in the cell and the 
change in water temperature measured as the power of the heater was varied. 

When I arrived in Dallas three days later, Glen*s son and daughter-in-law met 
me and showed me Dallas. At dinner Tom said 92% - his father had asked him to 
tell me 92%. When I phoned Glen he explained that the next day he had stopped 
one cell and had inserted a heater he had made and had done the calibration 
finding that he was getting 92% of the heat in. This meant that he was losing 
8% to the surroundings. As this was much less than than the 40% excess, it 
confirmed the effect. This was so over the range 5 to 20 Watts but the loss 
rose to 12 % for 25 Watts input. 

The apparatus of the Upstairs group was much larger and more conventional 
apart from one few piece that I liked. This was a cell with the electrodes far 
apart (10 cm) and a burette over each. The amount of D2 and 02 gas was 
collected over each electrode. It was found that there was much less D2 as it 
was being absorbed by the palladium. This allowed them to measure the amount 
of the loading of Deuterium into the Pd. It was observed that the Pd loading 



PRBIT SCRIPT Q1 dated 89/11/08 18:38:52 


Page 6 


reached a plateau after a some hours (the exact numbers have not been fully 
analysed yet). 

At lunch and after my lecture the Upstairs and Downstairs groups talked 
together . 

7. HOT/COLD FUSION BY CLUSTERS AT BNL 

The New York Times had a large article 
saying that fusion had been observed at Brookhaven National Lab and it 
related this to Cold Fusion, Fleischmann and Pons and the possibility of 
power generation. What had happened was that Beuhler et al. at BNL had 
developed a new technique of accelerating clusters of D20 molecules by 
giving the cluster a charge, and making the beam impinge on a target of 
Titanium loaded with deuterium. They observed protons of 3 MeV and a peak at 
1 MeV which they ascribed to tritons. This is strong indication of 

the occurence of the fusion reaction d + d > t+p +4 MeV. 

The paper was published in PRL 63(1989)1292. It was presented at a meeting 
in Florida where it was considered of unusual interest, released and 
written up by the NYT. Brookhaven has been careful not to say it is Cold 
Fusion for people consider it more likely to be Hot Fusion - maybe Lukewarm 
Fusion. As the numbers of protons produced with great effort and energy, 
are very few, it is clearly not a potential new energy source. 

In the PRL paper only proton and triton production were shown which may 
have encouraged those who believe that it is possible to obtain large amounts 
of tritium without at the same time producing equal amounts of neutrons. 

However the reason that the helium three of 0.8 MeV was not observed initially 
was that it was drowned in the background. Several groups are now studying 
the phenomenon at BNL - the background has been reduced and the 3He peak is 

clearly seen - this from the reaction d+d > 3He + n. The rate of 3He 

production is of the same order of magnitude as the tritons, not eight orders of 
magnitude less as some believers in the tritium results have suggested. 

This question of the tritium results is discussed more fully in Section 10. 

The clusters vary in size from 25 to 1300 molecules of D20. They are 
singly charged and accelerated to up to 325 keV. 

The mechanism is not yet established. Steve Koonin has written a paper 
giving three models. The standard thick target and the thick target yield for 
deuterons knocked-on by oxygen ions, are both many orders of magnitude too 
small. The thermonuclear yield from an isoergically expanding gas of atoms 
agrees with the results fof^clusters of 25 to 50 molecules but is many 
orders of magnitude too low for clusters above 200 molecules. Dick Garwin 
told me that considerations of double knock-ons gives a velocity to the 
deuterons something like three times the cluster speed and accounts for the 
very gradual variation of yield with energy; but the varaiation with 
cluster size cannot be understood this way. Steve is having more complete 
calculations done. See below in Section 8 for related work. 

8. ION IMPLANTATION AND COLD FUSION TESTS AT MPI, MUNICH 

The Institute 

for Plasma Physics at the Max Planck Institute, Garching, Munich has 
reported three attempts to reproduce Cold Fusion; 

1) Electrochemical Cold Fusion tests following Fleischmann and Pons, 

Wurden et al.. Report IPPIII/149, July 1989 

2) Search for Fusion Reactions between Deuterium Atoms implanted into 
Titanium. Behrisch et al. Nucl. Fusion 29(1989)1187 

3) Fusion reactions observed during the actual implantation of Deuterium ions 
into Titanium. Roth et al., submitted for publication. 

The summary letter from Dr. V. Dose says 

"The results of our attempts are entirely 
negative. The electrolytic approach did not reveal any of the phenomena 
reported by Fleischmann and Pons, in particular no excess heat was observed" 

"in conclusion the IPP group terminates Cold Fusion research until those who 
find positive indications, home in on reproducible experiments." 



PRBIT SCRIPT Q1 dated 89/11/08 18:38:52 


Page 7 


There is a hint of suppressed anger at the waste caused. Robert Park of 
the APS writes this week that "estimates of the total expenditure on cold 
fusion research start at $50 million." Wonder if he is aware of these MPI 
experiments, and others. 

However the IPP work did yield some useful results. D+ ions of from 300 
to 6000 electron-volts (not keV as said in Part 1) were implanted into a 
3 micron thick foil of Ti at room temperature and at 140 Kelvin. At room 
temperature there were 1.8 D per Ti atom while at 140K there were 3 D 
atoms per Ti atom (values of up to 5 have been obtained) . Protons were 

measured showing that the d + d > t + p reaction occurs. The background 

was very low, 2 E -5 counts per second. The cross section measurements were 
at the lowest energy for this important reaction (Dick Garwin mentioned that he 
had some responsibility for some of the earlier measurements by Arnold et al.) 

It is interesting to note that the results follow the Gamow curve indicating 
that nothing anomalous occurs at very low energy. 

9. RESULTS from the PAUL SCHERRER INSTITUTE, ZURICH 

The groups that had worked most on Cold 
Fusion research before 1989 were those of Steve Jones in the USA(at Los Alamos) 
and of Claude Petitjean at the Paul Scherrer Institute (formally called SIN, but 
sin has now been ended in Switzerland - perhaps). Both groups were able to 
obtain fusion by capturing muons over 100 times before the muon decayed. So 
it was natural for the PSI to mount a major effort to study the new form of Cold 
Fusion as observed in Utah. Further the group also worked on electrochemical 
energy storage therefore were doubly experienced in the subject. The paper, 

(PSI report PR-89 -17 and submitted to Chimia) is a mature one giving 
references going back to 1869. An electrochemical cell with D20 and an 
identical cell with H20 were used for calorimetry studies and neutron and 
gamma detectors were positioned near the cells. The cathodes were also examined 
for 3He and 4He by mass spectroscopic analysis. Four conditions of operation 
were made with different cathodes and currents between 120 and 500 mA/cm2. 

The calorimetry was carefully done keeping a constant temperature which 
greatly reduces the corrections and calibrations needed. The calculations and 
operating conditions (including temperatures) are fully given. The recombination 
rate of the D2 and 02 gases was found to be less than 3%. The overall error 
was estimated to be +/- 100 milliwatts. During two months no excess heat was 
observed. H-D fusion was also tried but again no excess heat was observed. 

Gravimetric H and D loading measurements in Pd gave values of 0.85 to 0.95. 

The neutron measurements were made with a NE213 liquid scintillator and found 
no evidence of 2.45 MeV neutrons. The background was 0.04 n/s. The upper limit 
on neutron production was 0.14 n/s or < 1 E -13 Watts and is below the 
positive observations of Jones et al. 

Gammas were searched for using a BGO detector and an upper limit of 0.1 gammas 
per sec. was found. 

No excess 3He was observed above that expected from the decay of tritium. 
Although 4He measurements are difficult because of contamination, an upper limit 
six orders of magnitude lower than that reported by Fleischmann and Pons was 
obtained . 

Tritium measurements were made and found consistent with an isotopic 
separation factor of 2 and with the measurements of Comninellis et al. at 
the EPFL in Lausanne. There was no indiction of the increase of tritium 
of many orders of magnitude as reported at Texas A&M. 

Claude has sent the published version in Chimia 43(1989)262-268. 


10. DISCUSSION OF TRITIUM RESULTS 

Am often asked how do I account for the 
tritium results? The questioner is normally referring to the positive results 
found at Texas A&M, Los Alamos, and Case Western Reserve. He is not 
referring to the null results obtained at these same three places, since some 
cells do not give an effect. Nor is he referring to the null results at PSI, 
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and five other labs. 

The answer is that one should look at all the results and knowledge. The 
proponents say that observation of tritium is an indication that fusion has 
taken place. Let us assume that it is so and look at the consequences; 

1) There is a great weight of experimental evidence that neutrons are not 
produced in Cold Fusion at anything near the rate claimed for tritium 
and in fact most experiments find no neutrons at all. The response of 
believers is that the neutron production is reduced by a factor of E-8. 

The reactions 


d + d > t + p (1) 

d + d ---> 3He + n (2) 

should have the same cross section by isospin and there is a great deal of 
evidence that this is so. The BNL Cluster fusion work is one of the most 
recent results; the IPP, Munich result shows there is nothing anomalous at 
very low energy in reaction (1). Dr. Teller emphasised this at the NSF/EPRI 
meeting. 

Thus it would take a miracle to reconcile the tritium and neutron results. 

2) If tritium is produced in reaction (1), then they should have one MeV of 
energy. These would produce the well-known reaction 

t + d > 4He + n ♦ (3) 

and give large quantities of 14 MeV neutrons. Such energetic neutrons would 
be very easy to observe, but have not been found. 

It would take a miracle to have 1 MeV tritium and not 14 MeV neutrons. 

3) If the tritium is produced in reaction (1), then an equal number of 
protons of 3.02 MeV energy should be produced. These will excite the even-even 
isotopes of Palladium by 0+ to 2+ transitions, and these will de-excite by 
the emission of gammas of betwen 0.37 and 0.56 MeV. This was confirmed 
experimentally by Salamon et al. who with the help of Dr. Schier of the 
University of Lowell, bombarded Palladium with 3.02 MeV protons and observed 
the expected peaks at 0.37, 0.43 and 0.51 Mev at their expected strengths. 

But no such gamma rays have been found e.g. when Mike Salamon operated for 
five weeks, his counter under the table where Dr. Pons had four cells running. 

Thus if we wish to believe that tritium is produced in the fusion 
reaction (1), we need three miracles in addition. 

Note that the irreproducibility of the results and the inconsistency of most 
tritium rates with the amount of excess heat claimed, are not included in the 
number of unusual occurrences. 


11 OTHER ITEMS 




11.1 Results from Japan 

Positive results on Cold Fusion were slow in appearing in Japan. 
The first announcement by Drs Mizuno and Akimoto assistant professors at 
Hokkaido University of the observation of neutrons, was apparently delayed as 
previously a professor there had already announced that after his tests cold 
fusion did not exist. The two younger researchers may have wished to avoid 
bring shame on their colleague. Their experiment was carried out in a shielded 
underground lab. The neutron rate was 10 times the background of about 0.3 n/s. 
It is said that the background was measured for 7 days before the experiment 
began. This is poor technique as the background is often found to fluctuate 
with time. It is to be hoped that later measurements were made with more than 
one counter measuring simultaneously. 

Dr. Takahashi et al. of the University of Osaka Engineering Dept, detected 
neutrons above background and 2 to 4 times more than Jones et al. They switched 
the electric current between 0.8 and 0.4 Amps every 2.25 minutes. Fast neutrons 
of 2.4 MeV were observed. 

Prof. Oyama of Tokyo University of Agriculture and Technology found tritium 
but one week later the Japan Atomic Energy Research Institute working with him, 
found almost no neutrons or tritium. However this joint team announced 31 July 
that they had found tritium and considerable heat. 

At the 31 July meeting there were reports of 10 teams obtaining positive 
results. Prof. Bockris told me that at the Kyoto meeting at the end of 
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September, there were 21 papers of which 8 gave positive results. 

Do not have recent information and that given above may be out of date by 
now, but it does give a flavour of the situation. Everyone says there is a 
great deal of work in Industry whose results are unknown. 

11.2 Results with Dry Titanium Cells from Culham Lab, UKAEA/Euratom Fusion 

G. M McCracken et al. 

report on a major series of tests of the results reported by Frascati 
on the observation of neutrons when titanium samples are loaded with 
deuterium, cooled to liquid nitrogen temperature and then warmed up. 

The experiments were prepared at the Culham laboratory of the United 
Kingdom Atomic Energy Authority and the neutrons were searched for in three 
places (1) at Culham with a single simple BF3 counter 

(2) At the Joint European Torus, JET, tokamak where there is a system of six 

3He counters which is in regular use and whose characteristics are well known. 

(3) At the UKAEA Harwell lab where 32 detectors with 3He were used. 

No neutrons were detected with the ten samples used. They give a limit 
of 0.14 n/s which is four orders of magnitude lower than reported by De Ninno 
et al . 

If neutrons were emitted in brief bursts (< 0.1 s), they would have to be 
less than 30 neutrons otherwise they would have been detected. 

A possible explanation of the early results from Frascati where a single 
BF3 counter was used and which Frascati cannot repeat since), is given. 

"Our experience in making measurements of low fluxes of neutrons has 
indicated that proportional counters of both the BF3 and 3He type are 
subject to random fluctuations in count rate. These fluctuations can in 
some cases exceed the average background count by two orders of magnitude. 

Thus clearly a number of independent counters are necessary". The point being 
that occasionally one counter will give counts but the others do not which 
shows the effect is not caused by neutrons. 

For connaisseurs , the description of the preparation of the Ti is interesting 
The Ti sample is first heated to 460 to 900K to remove impurities. It is then 
put in a closed vessel and D2 gas added - the pressure drops as the Deuterium 
is absorbed and this allows the loading to be estimated. Also as the absorption 
gives out heat ( 50kJ/mole) the temperature rises by a substantial amount. 
Normally a loading of D/Ti - 2 was achieved but in one case, where the Ti 
was initially baked at 460K, there was no absorption or temperature rise 
which was attributed to a layer of oxide on the Ti surface blocking the 
Deuterium uptake. When the Ti samples were heated to 900 K, the oxide layer 
was removed and the results were reproducible. 

11.3 RESULTS FROM CONSTANT TEMPERATURE CALORIMETRY IN BRAZIL 

Prof. Ed Wrenn 

of Utah told me had visited the lab. of Mechanical Properties at the Centro 
de Tecnologia, Rio (which I am told is perhaps the best engineering university 
in Latin America). They have a well -instrumented cell with a Pd cathode and 
can measure heat excursions down to 12 mWatts. Over a period of 3000 hours, 
they have not found any excursions. Neutrons are also being looked for. 

11.4 Possible Titanium Fracture giving Neutrons at Moscow 

At the Institute 

for Physical Chemistry, Moscow, B. V Derjaguin report in Nature 341(1989)492 
some first results of an attempt to observe neutrons from Titanium which they 
put under stress by placing Ti chips with deuterated materials and steel balls 
in a vibromill operated at 50 Hertz with an amplitude of 5 mm. They claim to 
have observed neutrons but there are only 29 counts spread over 31 channels 
so the evidence is rather marginal. The highest rate claimed is 0.41 +/- 0.14 
counts/s. As each test seemed to have lasted less than an hour, it would be 
good to await their final results when they have run for a week at least. 

11.5 Results from Frascati/Rome in Gran Sasso 
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F. Celani et al. from Frascati 

and Rome reported at the Varenna Conference on their results with an 
electrolytic cell with Pd and Ti electrodes carried out in the Gran Sasso 
tunnel as the background is very low. For neutrons (after further shielding with 
lead bricks against gammas) it was 1 E-6 n.cm2/s which is 1000 times less than 
at sea level. For gammas it is more difficult and was only 10 times less. The 
Pd electrodes used were 0.2, 2, 4, and 8 mm diameter and the Ti bars were of 
1 and of 5 mm side. There was a Nal(Tl) gamma detector, two 3He counters for 
neutrons and fast plastic scintillator to detect charged particles. 

Two emission events were observed; 

1) a "shot” signal ( lasting < 0.6 s) followed about 40 minutes later by some 
bursts of signals (during 4 minutes) in almost all detectors on May 2 

at 23.30. The 8 mm diameter rod had begun to be charged only 30 minutes 
previously - this time is so short that the loading of Deuterium into the 
Pd must have been very light (the charging current was 66 mA/cm2) so that 
it is inconsistent with most other accounts of Cold Fusion phenomenon and 
another explanation may be preferred. 

2) The Ti electrode was stressed by several thermal cycles (from -196 to 
+200 C ) and cathodic and anodic currents of 3A, and mechanical stress. 

Four bursts were observed with the gamma detector. This on 1st May at 13.30 

In both cases no charged particle emission was observed. 

These two results both had good statistics. 

The question is if they had any connection with cold fusion since they were 
observed on May 1 and 2 but when reported at Varenna four and a half months 
later, no other phenomena of a similar exciting nature were claimed. 

Note this is the Laboratori Nazionali di Frascati and not the National 
Laboratory for Alternative Energies which reported neutrons from dry Ti. 

11.6 Results from Mexcio 

Have received a paper entitled "Experimentos 
de Fusion Fria en el IMP" by J. M. Malo et al. The Instituto Mexicano del 
Pet roles has made measurements of gammas and tritium. A gamma ray spectrum 
of the background shows peaks at 1.764 and 2.204 MeV from 204Bi and 2.614 
MeV from 208T1. With the cell running, these same peaks are seen plus a 
small peak above the 2.204 peak which is labelled 
p + n >d+ gamma 2.224MeV 

Fine except that when I looked at it the peak looked too high and on 
calibrating with the background peak would estimate it to be at about 2.425 MeV. 
The authors also show some evidence in favour of tritium production and say 
(that their calorimetric work is very difficult to control (they have to 
employ Newton 1 s Law of Cooling) but conclude that the work should be 
considered as preliminary and should NOT be taken as conclusive evidence. 

Thus this was a fair internal document and it illustrates the potential 
danger of letting such a document become external. 

11.7 Possible Explanation of Excess Heat 

At the Santa Fe conference, Dick 

Garwin in his curtailed intervention, suggested that a possible source of 
excess heat was that the input was assumed to be IV (more exactly I V - 1.54 ) 
which assumed that the current was steady whereas if there was a fluctuating 
component, then the heating being proportional to 12, would be greater but 
not taken into account. This could be caused by a feed-back occurring. He tells 
me that this has been found by A Bruggman et al. at Mol in Belgium who 
observed large "excess heat" from an oscillation of the feedback circuit 
controlling the electrolysis current. 

Thus all groups finding excess heat effects should clearly check for this 
possibility. However while this could be an explanation in some cases, it is 
unlikely to explain all for many experimenters have done substantial running 
with H20 instead of D20 and do not find excess heat effects . So where the 
number of hours run with light water is comparable with that with heavy water, 
(not always the case) then such effects are very unlikely. Still people 
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should be aware of this possibility and check that such effects do not cause 
heat excur s ions . 


11.8 Santa Fe Highlights Issued. 

People attending the Santa Fe conference 
wondered why $400 was charged for so little and there were many jokes about 
the first time a profit had made out of Cold Fusion. Los Alamos has now issued 
their official account of the conference and the doubts continue - it is only 
the Highlights and only the Abstracts - nicely produced but only 26 lightly 
covered pages - not for example containing the important contribution of Dick 
Garwin. Doubt if the main summary speaker will like his account, for on 
speaking to him afterwards I found that he liked Irving Langmuir 1 s article 
on Pathological Science - but then the organisers kept him as Summary speaker 
even when he warned them that he would have to miss half the meeting! 

There are many excellent people at Los Alamos but the relationship between 
Los Alamos and Cold Fusion is very different from that of the other major 
laboratories . 


11.9 BNL 


a 


vv 

NEWS FROM LEP 

On 7 November the LEP Committee had their open session. Emilio 
Picasso described possible future plans aiming for higher energy, higher 
luminosity and polarisation. 

After a slow restart, the last week of LEP before the 6 November shutdown, was 
very productive with 50% of the time spent in Coast. The highest initial 
luminosity was 4.9 E 30 and the highest beam currents for physics were 1.6 
and 2.65 mA. 

There will be four days on Machine Development then the official 
Inauguration of LEP on Monday 13 November. 

The total number of Z0 f s obtained is about 40 000 but the criteria used by 
the experiments varied, some giving the total number and some the number after 
all selections and cuts had been made to give a sample which they would use 
for physics. It is hoped to increase this number appreciably in the 26 days 
scheduled for Physics before Christmas 

We have been running tests of our scintillating fibres for WA84 in Omega 
using a pion beam from the SPS accelerator while LEP was running. It was 
amazing to us that we were virtually unaware that the SPS was also being used to 
accelerate electrons peroidically at the same time. To be able to accelerate 
protons, electrons and positrons in the SPS with minimal interference is 
a real achievement. 


Douglas R. 0. Morrison 
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Experiments using three different calorimeter 
designs and high-efficiency neutron and 7-ray 
detection on a wide range of materials fail to 
sustain the recent claims of cold fusion made by 
Fleischmann et al . 1 and Jones et al 2 . Spurious 
effects which, undetected, could have led to claims 
of cold fusion, include noise from neutron counters, 
cosmic-ray background variations, calibration 
errors in simple calorimeters and variable elec- 
trolytic enrichment of tritium. 

Recent publications 1,2 reporting electrochemically induced 
nuclear fusion, at room temperature, have aroused great interest. 
The signatures reported are excess heat output, neutron emission 
and tritium generation from cells with palladium cathodes 1 , and 
neutron emission alone at a much lower level from cells with 
titanium cathodes 2 . Conventional nuclear physics predicts that 
fusion between light nuclei requires either very high temperature 
(as in a tokamak) or unusually close proximity of the two nuclei 
(as in muon-catalysed fusion). The calculated fusion rate at the 
internuclear separation in the deuterium molecule (0.74 A) is 
x 10 -64 s~ l (ref. 3), so the rates reported in ref. 2 (~10 -23 d-d- 
pair -1 s~ l ; d is deuteron) are not easy to understand in the 
context of the known interstititial-site separations (—3 A), even 
more so when it is realized that this rate is a severe underestimate 
because of incomplete deuterium loading in titanium (see 
Materials characterization section). The reaction rates reported 
in ref. 1 are even more difficult to understand 4 , and the existence, 
despite strong arguments to the contrary (ref. 5, for example), 
of an unknown mechanism, which results both in an extra- 
ordinary enhancement of the reaction rate and a suppression 
of the normal nuclear-reaction channels, has been postulated. 

In the first reports of the electrolytic cold fusion effect it was 
stated that the effect is not consistently reproducible, and that 
it both takes some time to appear and that it may subsequently 
disappear. Because electrochemical phenomena can be sensi- 
tively affected by the state of the surface, some irreproducibility 
is not, in itself, surprising, and other recent reports (refs 6-8, 
for example) give well documented accounts of failures as well 
as successes (R. A. Huggins and A. J. Appleby, Workshop on 
Cold Fusion, Santa Fe, May 1989) in observing the claimed 
effects. The clear lack of reproducibility necessitates significant 
replication, with controls at least equal in number to the number 
of tests, if positive results are to be viewed with confidence, and 
exploration of many different, well characterized, material and 
electrolyte combinations. Particularly, the timescales and 
achievable concentrations for electrolytic loading of deuterium 
into palladium and titanium, the quantities of hydrogen 
‘impurity’, and the species detectable by surface analysis of used 
cathodes ought to be determined. 

Calorimetry 

We used three types of calorimeter. First, we built calorimeters 
of size and design similar to those used by Fleischmann et al. 


(ref. 1 and M. Fleischmann, personal communication) (Fig. 1). 
We found these to be inaccurate instruments with some very 
subtle sources of error which it is necessary to appreciate and 
analyse in detail. We used sixteen such cells, containing 
different-size cathodes (1-, 2-, 4- or 6-mm Pd rods) and different 
electrolytes (0.1 M LiOD, 0.1 M LiOH, 0.1 M NaOD or 
0.1 M NaOH). Figure 2a , b shows the results obtained for a 
typical cell. An immediately evident characteristic is the sloping 
baseline, with the sawtooth pattern a consequence of the regular 
refilling of the cell. The baseline slope can be quantitatively 
accounted for by a variation of the calibration constant, /c, with 
the level of liquid in the cell. This is a result of radiative losses 
through the vacuum jacket 9 and conduction up the glass inner 
wall of the cell ia (see Fig. 2 legend). A consequence of the 
sloping baseline is that any calibration is only valid for a par- 
ticular liquid level. We regularly refilled these cells to a reference 
level at which the calibration had been performed. We calibrated 
the cells with the heaters before the electrolysis was started and 
again much later in the run, during the electrolysis, as is evident 
in Fig. 2a (see Fig. 1 legend for details of the calibration 
procedure). There was no statistically significant difference 
between the different calibration sets, so all data were combined. 

Figure 2c shows results for two of the calorimeters at the 
calibrated liquid level, in the form of percentage excess of 
apparent output power over the Joule input power. There was 
apparently an endothermic period at the beginning of the run, 
whose duration increased with cathode diameter. We speculate 
that this was due in part to poor stirring of the solution during 
hydrogen uptake by the cathode which caused a temperature 
gradient in the cell (gas is not at first evolved at the cathode 
and the larger diameter cathodes were shorter, to keep a constant 
surface area). An analogous effect at the start of the electrolysis 
was reported by Lewis et al\ who showed that the apparent 
heating coefficient of a similar cell varied during the first part 
of a run. Because of this effect, we excluded the first 10,000 
minutes of data from each cell when calculating the statistics. 
Table la shows the mean absolute power deviation for each 
cell and the standard deviation in this value. The standard 
deviation for all of the H 2 0 cells was not significantly different 
from that of the D 2 0 cells (F test, 1% level) so that the data 
from all of the cells can be used to estimate the error: a — 0.048 W 
(that is ±5-10% ). A more detailed analysis of this error 10 showed 
it to be largely determined by the variability in the liquid level 
after refilling the cell, but also with a contribution from unquan- 
tified variations in the heat loss by conduction up the calorimeter 
wall to the air above the water bath. Compared with these errors, 
effects that resulted from temperature gradients inside the cells 
were minor. The design used here varied from that in ref. 1 in 
that the glass sleeve that supported the calorimeter and which 
was in direct contact with the inner wall, provided a large area 
of thermal contact with the water bath, and thus reduced the 
effect of the ambient temperature variations. 

As we expected, occasional points from both H 2 0 and D 2 0 
cells lay outside the ‘control limits’ of ±2cr (Fig. 2c). No points 
lay outside ±3cr. No cell showed two or more consecutive points 
outside ±2<j, and the number of points lying above the control 
limit in the D 2 0-cell experiments was no different from that in 
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the H 2 0-cell experiments. Therefore, we conclude that, within 
the experimental error, there was no significant anomaly in the 
behaviour of the D 2 0 cells compared with that of the H 2 0 cells. 
If, however, the mean power deviation (Table 1 a) for all eight 
of the D 2 0 cells (+9.91 ±0.47% or 0.021 ±0.004 W; mean Joule 
input 0.96 W) is tested against that for all eight of the H 2 0 cells 
(-2.46 ±0.72% or -0.018 ± 0.004 W, mean Joule input 0.81 W 
for LiOH cells and 0.61 W for NaOH cells), it is clearly highly 
significant. Because no sequence of individual points lay outside 
the control limits established above, we suspect that there is 
another, unknown source of error that scales with the input 
power. This, of course, could be the postulated ‘fusion effect’, 
but the magnitude of the effect is commensurate with the errors. 
The only reliable way of checking this is to construct calorimeters 


that are free of major sources of errors, and in particular, do 
not have a sloping baseline. We therefore also used both isother- 
mal and steady state (heat flow) calorimeters which satisfy this 
criterion. 

We have also analysed in detail the slope of the output curve 10 
to look for momentary power pulses on timescales shorter than 
the interval between calibrated points. If the Joule input remains 
constant then this slope should not vary. Any sudden or momen- 
tary extra power input, q c , would change the slope by approxi- 
mately (fc sb + k c o)qJ (M 0 is the water equivalent of the 
calorimeter, other symbols defined in Fig. 2 legend). The number 
of significant deviations from the mean slope was found to be 
roughly the same for both the H 2 0 and the D 2 0 cells. For the 
whole data set, the largest power excursion for a D 2 0 cell (6-mm 


FIG. 1 Schematic diagram of the FPH-type heat- 
flow calorimeter used here. Heat flow paths are 
indicated here and discussed further in Fig. 2 
legend. 

METHODS. As well as the Fleischmann, Pons and 
Hawkins (FPH) type, we used 10 two other 
calorimeter types — an improved heat-flow 

calorimeter (IHF) and an isothermal calorimeter. 

The IHF calorimeters differed from the FPH type 
in three important ways. First, they were larger: a 
500-ml-capacity cylindrical vessel constituted the 
cell, with anode-cathode spacing -2 cm. Second, 
the electrolysis vessel was inserted, using a film 
of oil for thermal contact, into a tightly fitting 
aluminium can which was itself packed around 
with insulating material and placed in a Dewar 
flask. Whereas the temperature of the cell con- 
tents in the FPH calorimeter was determined using 
a glass-clad thermistor immersed in the cell itself, 
in the IHF design the temperature of the aluminium 
can was measured: the can defined an isothermal 
surface for conduction of heat away from the cell 
and its use as the temperature measurement 
surface eliminated the sloping-baseline problem of the FPH design. Third, 
the space within the Dewar flask above the electrolysis vessel was filled 
with a polystyrene cap extending well above the Dewar flask, with the aim 
of significantly reducing unquantified heat losses to the atmosphere. The 
two types of heat-flow calorimeter were operated in water baths held at a 
constant temperature of 20 °C (±0.08 °C). The tops of the water baths were 
covered with a polystyrene lid. In both cases the cells comprised a spirally 
wound Pt wire anode (0.25 mm) and a central Pd cathode (Johnson Matthey). 
For the FPH cells we prepared the different electrolytes using either conduc- 
tivity water (H 2 0 cells) or slightly tritiated D 2 0 (specific activity 13 kBq ml -1 ) 
of isotopic purity initially >99.9%. We used O.lMLiOD (D 2 0 from Aldrich, 
measured >99.9% initial isotopic purity) as the electrolyte in the IHF 
calorimeters. The Pt and Pd contact wire was shrouded in glass tubing in 
the IHF cells to prevent any possible catalytic recombination of the electroly- 
sis products. In later experiments with the FPH cells we also used screened 
electrode contacts, but this had no effect on the results obtained. The IHF 
cells contained a Pd wire electrode insulated to the very tip, which was 
positioned about three-quarters of the way up the cell. This was used to 
define the internal liquid level during filling, or refilling, of the cell. The larger 
volume of electrolyte in the IHF cells (300 ml) meant that refilling was 
required only occasionally, but the large thermal mass meant that the 
response was slow (time constant —12 h): thus they were not sensitive to 
small bursts of heat. We calibrated the heat-flow calorimeters using a 
nichrome wire heater placed in an oil-filled glass tube which was in contact 
with the cell contents. The calibration procedure involved operating the 
heater, either without electrolytic current, or with a current significantly less 
(0.2-0.4 times) than the normal electrolysis current, until a steady-state 
temperature was attained. With the FPH cells, use of a lower electrolysis 
current ensured continued stirring while diminishing the errors arising from 
the baseline drift; before each individual calibration the cells were refilled. 
An empirical calibration curve was thus obtained by fitting the observed 
thermistor resistance, R, to a range of applied powers, P, using the equation 
P-a -P(log R) + c(log R) 2 , where a, b and c are the fitted parameters. The 
standard error of estimate on the fitted curve varied from 10 to as much 
as 70 mW with the FPH cells, largely reflecting the error in extrapolation to 
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the reference level. Neutron counting was performed in conjunction with 
the operation of the FPH cells, using two independent banks of counters 
mounted above the cells, on top of the water-bath cover 10 . Detection 
sensitivity above background was 3 event s _1 in the cell. We never observed 
a signal above background. The isothermal calorimeter (J. A. Mason, R. W. 
Wilde, J. C. Vickery, B. W. Hooton and G. M. Wells, Proc. 29th A. Meet. Inst. 
Nuclear Materials Management, Las Vegas, Nevada, June 1988) comprises 
three concentric aluminium cylinders each separated by a heat transfer 
medium with a relatively low thermal conductivity. The cylinder temperatures 
are maintained by electrical heaters wound as helical coils around each 
cylinder. Temperature control is achieved by resistance thermometers on 
each cylinder which are used in conjunction with classical control software 
and the cylinder heaters. The rate of thermal energy evolution in the 
measurement chamber (12.5-cm diameter, 26 cm high) is determined by 
measuring precisely the electrical power supplied to the chamber. We 
operated the calorimeter at a measurement-chamber temperature of 42 ± 
0.001 °C. The measurement-chamber power resolution is <5mW for an 
operating power of 20 W. The electrolytic cell contained —1 1 of 0.1M LiOD. 
The cathode was contained in a perforated glass canopy to prevent the 
evolved gases from mixing inside the measurement chamber. The anode 
was a Pt foil cylinder 3 cm high and 12 cm in diameter surrounding the 
cathode. The cell was thermally coupled to the calorimeter measurement 
chamber by conducting oil. Measurements using Pt cathodes and also using 
nichrome wire heaters showed that there was a small systematic error in 
the calorimeter, an apparent power excess that varied linearly with the input 
power up to 100 mW for an input of 15 W. A linear fit to these measurements 
(12 points, standard error of estimate 8.8 mW) was therefore used to apply 
a correction to the apparent excess measured for the Pd cathodes. The 
measured output power of both the isothermal and IHF cells was corrected 
for the power loss that is due to evaporation of the electrolyte, assuming 
that the electrolysis gases were saturated in water vapour as they passed 
out of the cell (25.0 mW A -1 at 42 °C): q v =(p v /p 0 )(1.5)AH v //(2F) where q w 
is the power loss, p v denotes the saturation vapour pressure and AF/ V the 
latent heat of evaporation of the electrolyte. p 0 is the atmospheric pressure. 
F is the Faraday constant and / is the current (assumes ideal gases). 
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TABLE 1 Calorimetry results 


(a) FPH Calorimeters: current 300 mA, current density 80-110 mA cm" 2 , 0.1 M LiOH, NaOH, LiOD, NaOD 


Pd 3 


H 2 0 Cells 


D 2 0 Cells 6 


Diameter 

Volume 

Surface area 

Charging time 

6 mm 

0.28 cm 3 

3.9 cm 2 

870 h 

4 mm 

0.19 cm 3 

3.5 cm 2 

810 h 

2 mm 

0.094 cm 3 

3.1 cm 2 

740 h 

1 mm 

0.071cm 3 

2.8 cm 2 

670 h 

Mean excess 

±(cr/yfn) (mW )' 


Cation 

Mean Joule input 
(mW) 

Li 

820 

Na 

590 

Li 

800 

Na 

610 

Li 

780 

Na 

620 

Li 

830 

Na 

620 


(b) IHF and isothermal calorimeters: 0.1M LiOD 


Calorimeter type 
IHF 


Pd 

Type 

Surface area 

2-mm rod 3 
3.1 cm 2 


Total charging time 
Volume 

797 h' 

0.16 cm 3 


Cast* 797 h* 

14 cm 2 0.88 cm 3 


Isothermal 


2-mm rod 3 
1.3 cm 2 

Cast beads 6 
5 cm 2 


Melt-spun- 

ribbon' 

74 cm 2 


284 h 6 
0.063 cm 3 

355 h 6 
0.5 cm 3 


A 




0 


& 




2-mm rod 
1.3 cnrv 

8-mm bar* 
28 cm 2 


e 


74 h' 

0.35 cm 3 

323 h' 
0.066 cm 3 

520 h' 

1.5 cm 3 


c 

Excess 6 ® 

Mean Joule input® 

Excess 6 ® 


(mW) 

(mW) 

(mW) 


-45 ±50 

960 

12 ±57 


14 ±71 

980 

57 ±44 


-19 ±28 

960 

-20 ±29 


-55 ±53 

960 

-11 ±49 


40 ±53 

930 

61 ±26 


-12 ±38 

940 

36 ±40 


-46 ±64 

980 

43 ±64 


-18 ±60 
-18 ± 4 (n- 143) 

980 

-4 ±35 

+21 ± 4 {n = 146) 


Current 

Time 

Joule input® 

Excess 6 

(mA cm" 2 ) 

(h) 


(mW) 

156 

231 

2.341 

78±77 m 

156 

206 

2.380 

27 ±48 

219 

187 

3.842 

-1±58 

279 

173 

5.188 

-55± 101 

35 

236 

2.172 

100 ±40 

36 

201 

2.219 

47 ±36 

49 

187 

3.489 

-31 ±51 

62 

173 

4.863 

-120 ±86 

159 

284 

0.925° 

-10 ±12° 

50 

7 

0.985 

33 ±12 

30 

15 

0.415 

11 ±11 

70 

7.8 

1.796 

5 ±12 

20 

15 

0.214 

10 ±11 

100 

8.6 

3.405 

-5 ±12 

120 

270 

4.825 

2 ±13 

40 

8.1 

0.675 

7 ±12 

80 

5.7 

2.311 

9 ±12 

200 

4.8 

12.314 

-10 ±12 

160 

4.1 

8.140 

-17 ±12 

220 

4.8 

14.675 

-9 ±12 


14 

74 

8.991 

64 ±17 

152 

70 

1.091 

7 ±11 

530 

253 

10.358 

15 ±14 

30 

520 

8.974 

36 ±15 


a Johnson Matthey (JM) 'Specpure'; drawn from sintered stock prepared from high-purity powder. 

b D 2 0 from Harwell reference stock, contains ISkBqmr 1 tritium. 

c Mean Joule input power supplied to cell (see Fig. 2 legend). Values for IHF and isothermal calorimeters have been corrected for heat loss that is due 
to evaporation (see Fig. 1 legend). 

6 Excess power = measured cell output power - calculated Joule input power. 

e (Mean±lcr) of values calculated after each refilling to the reference level, excluding first 10,000 minutes of polarization (see text). 

f Mean and standard deviation of the mean calculated for all H 2 0 data points and all 0 2 0 data points. 

* Specially produced material supplied by JM— prepared from cast Pd stock that was argon-arc melted into rod form using a gravity casting process. The 
rods were subsequently sliced and bent to decrease the loading time required (maximum distance from bulk to surface —1 mm). The sample was cleaned 
using acetone, 10% HCI and distilled water. 

6 'Specpure' Pd arc melted three times under argon on a water-cooied copper hearth. 

' A variety of ribbons prepared (JM) by melt spinning of cast or sintered Pd. A proportion of the ribbons were heat treated (JM) for 20 min at 100 °C 
under 10% H 2 /N 2 . Ribbon thickness, 125 fxm. 

J Type a that was subsequently vacuum degassed at 1,200 °C, and loaded with deuterium at a pressure of 40 bar. The sample was cooled to liquid-nitrogen 
temperature before transferring to the calorimeter to minimize loss of D 2 . 

k Sintered high-purity bar, sliced and bent to decrease the loading time required (maximum distance from surface to bulk -1 mm). 

' D 2 0 from Aldrich Chemical Co., contains -ISkBqmr 1 tritium. 

m Mean and standard deviation of all data points after temperature stabilization: data point every 3 min. 

n Standard deviation given by o-Wo-£ + <r 2 + tr 2 where a b is the standard deviation of the baseline measurement, a y that of the power measurement 
with the cell running and <r c is the standard error of estimate of the correction line (see Fig. 1 legend). <r b and o- y were typically 6 mW, <r c was 8.8 mW. 

° Small error in this particular measurement gave rise to the apparent small endotherm. 
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rod) was —45 mW and for an H 2 0 cell (6-mm rod) — 40 mW. 
These are small compared with the input power. It is certainly 
clear that no unusually large power pulses occurred. Given the 
difficulties in operating these calorimeters, very occasional 
occurrences of small fluctuations cannot be considered as sup- 
port for a ‘fusion' hypothesis. 

The other two types of calorimeters used in this study are 
described in Fig. 1 legend and results are given in Table 1 b. We 
explored a range of different preparations of palladium and of 
current density, up to nearly 600 mA cm' 2 . With the improved 
heat-flow calorimeters (IHF), the sign and magnitude of the 
power excess varied with Joule input power, but was always 
<5%. Expressed in terms of the volume of the palladium 
cathode, this sets a limit of 100-500 mW cm' 3 . The most accurate 
calorimeter used was the isothermal calorimeter (minimum- 
detectable power change —10 mW; minimum-detectable energy 
in any brief burst —40 J). We analysed these results at four-hour 
intervals by averaging both the Joule input power and the 
measured output power over a period of —20 min. Inspection 
of the data collected every four minutes between the regions of 
analysis showed no obvious signs of any short heat ‘bursts’ and 
we found no trend with time of the measured output power 
under any of the conditions used. Table lb shows that we 
obtained thermal balance to better than 20 mW (24- 
240 mW cm' 3 Pd). We observed slight thermal excesses (30- 
60 mW) during the initial charging period of the palladium 
beads, and during runs with high-surface-area cathodes at high 
current: it can reasonably be assumed that a small amount of 
recombination (4% at most) was responsible for this effect. 

Neutron counting 

We investigated the emission of neutrons from a wide range of 
cells using three different detector systems (Table 2). The large, 
high-efficiency detector with which most of the neutron measure- 
ments were made is an oil-moderated assembly of 56 l0 BF 3 
proportional counters configured as 5 concentric rings 11,12 . The 
total efficiency for 2.45-MeV d-d neutrons is 44%. We built an 
automatic cell shuttle mechanism to exchange regularly two 
nominally identical cells, only one of which was powered. This 
enabled the background (which is due mostly to cosmic rays, 
there being no anti-coincidence counter arrangements) and any 
signal to be counted virtually simultaneously. In operation the 
cells were exchanged every 5 min, and the data from the 5 rings 
were recorded separately. Data from a typical run are shown in 
Fig. 3 as differences in the count rate between the powered and 
unpowered cell. Although in the particular example shown, two 
spikes can be seen in the count rate differences from the detector 
as a whole, it is clear that these spikes are due entirely to the 
misbehaviour of ring 4, and are therefore spurious. 

The details of the cells and results of the measurements are 
given in Table 2. The lowest limits (2<r) on neutron emission 
derivable from Table 2 for palladium are 1.5 x 10“ 2 n s~ l g~ l or 
1.5xl0~ 2 ns“ 1 cm' 2 , if the emission were sustained over the 
whole run. For titanium, the values are 3 x 10“ 3 n s~ l g' 1 and 
4x 10' 3 n s' 1 cm' 2 , although the latter limit is too high because 
it does not apply to the runs using granules having a large and 
indeterminate surface area. If we assume the emission to be 
sustained over only a one-hour period at most, then the limits 
are, for palladium: 7 x 10“ 2 n s~ l g' 1 or 4x 10' 2 n s' 1 cm' 2 , and 
for titanium: 8 x 10“ 3 n s' 1 g~ l or 2 x 10“ 2 n s' 1 cm' 2 (much less 
in the runs with granules). The neutron-emission rate limits are 
several orders of magnitude below the rates of — 10 4 s' 1 reported 
in ref. 1 and about one order of magnitude below the rate of 
—0.4 s~ l reported in ref. 2. It is significant that the limits in our 
work were also obtained for cells in which cold fusion could 
be expected to be enhanced, in particular by using titanium 
cathodes in the form of a large (40 g) mass of porous granules 
to increase both the reaction volume and the surface area, and 
an electrolyte specifically chosen to promote deuterium loading 
into the cathode 13 (see Fig. 3). As discussed later, we have not 


expressed the results in terms of the number of deuterium pairs 
within metal lattices. 

Because the net count rates given in Table 2 are differences 
between much larger background rates, runs were undertaken 
with a calibrated 252 Cf source (0.024 ±0.003 fissions s~ l ) emitting 
0.09 ±0.01 n s' 1 and a physically identical blank. The result was 
0.14±0.05 n s' 1 , in satisfactory agreement. Furthermore, the 
expected neutron output of the unpowered UPt 3 cell, which is 
due to spontaneous fission of 238 U, was 0.22 s“ l . The value 
measured in comparison with an empty cell was 0.20 ±0.06 s' 1 . 
Our confidence in the results of the shuttle differences seems 
justified. Measurements on CeAl 2 and UPt 3 cells were included 
in the hope that high effective electron masses corresponding 
to these metal crystal lattices would mimic in some way the 
fusion enhancement effect of ‘heavy electrons’ such as muons 
in binding the deuterium nuclei closer together. The palladium- 
ribbon run with the cell power switched on and off every two 
hours (which was about eight times the characteristic diffusion 
time in the ribbon) was undertaken to enhance the appearance 
of non-equilibrium effects, and results (negative) are given in 
Fig. 4. 

7-ray counting 

As it has been shown that cold proton-deuteron (p-d) fusion 
is expected to proceed at rates greater by -8.5 orders of magni- 
tude than d-d fusion 3 , we carried out an alternative investigation 
of electrolytic enhancement of hydrogen-isotope fusion by look- 
ing for the D(p, y) 3 He 5,488-keV y-rays from p-d fusion. We 
used a lead-shielded 113-cm 3 n-type high-purity germanium 
(HPGe) crystal y-ray spectrometer to search for any y-rays in 
the energy range 0.1-7 MeV emitted by a variety of cold-fusion 
cells operating with a mixture of light and heavy water. The 
results, also given in Table 2, are consistent with no y-ray 
emission. The lowest limits (2cr) on y-emission derivable from 
Table 2 are, for palladium, 7 x 10' 3 y s' 1 g~ l or lx 
10' 3 y s' 1 cm' 2 , and for titanium 1.4x 10~ 3 y s“ l g' 1 or 4x 
10~ 4 y s' 1 cm' 2 , if we assume that the emission is sustained over 
the whole run. Jones et al. 2 report that the fusion activity may 
last for only 4-8 h and begin — 1 h after the cell is powered, and 
in these circumstances typical values for the standard deviation 
in the y-ray emission rates are —0.05 s' 1 and the 2 cr limits for 
titanium are 4 x 10“ 3 y s~ l g~ l or 3 x 10' 3 y s' 1 cm' 2 . Post-run 
analysis of the hydrogen isotopes taken up by the palladium 
cathodes with the mixed light and heavy-water electrolytes used 
gave very satisfactory D:H ratios, lying in the range 1.5-2. 5. 
We note that if the proposed enhancement of the fusion process 
is as valid for p-d as for d-d fusion then, because of the enhanced 
tunnelling in the lighter d-p system 3 , the y-ray measurements 
actually provide a much more stringent limit on the cold fusion 
process than do the neutron measurements. The interpretation 
. of the results from some of these cells was complicated by the 
dissolution of gold anodes and the consequent gold deposition 
onto the cathode: this also would have affected the original 
work 2 . 

Tritium enrichment 

Fleischmann et al. 1 claimed a tritium production rate of 
— 10 4 atoms' 1 , commensurate with their reported neutron 
emission rate. They used a differential technique in which the 
tritium accumulation in a cell with a palladium cathode was 
compared with that in a cell with a platinum cathode. They took 
samples for analysis at regular intervals and maintained a con- 
stant total electrolyte volume by the addition of fresh D 2 0. 

Electrolytic enrichment is widely used to increase the con- 
centration of tritium in water before analysis 14 . Reproducible 
results require careful control of the electrolysis, as the enrich- 
ment factor can vary widely (refs 15, 16 and R. L. Otlet, personal 
communication): important effects are seen with change of 
electrode materials, with variation in the condition (activity) of 
the electrode surface, with the current density (overvoltage) and 
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FIG. 2 a, Raw data from FPH-type calorimeter con- 
taining a 4-mm Pd rod (1.5 cm long, Johnson Mat- 
they 'specpure', drawn from sintered stock) in LiOH 
elctrolyte. Line 1 represents the output power 
calculated from the thermistor reading and line 2 
represents the Joule input power to the cell, P in = 
l{V- V 0 ) where V 0 = Atf d /2F (1-527 V for D 2 0 and 
1.481 V for H 2 0, being the enthalpy of dissoci- 
ation, for example, D 2 0(l)-> D 2 (g) +§0 2 (g)). The 
large step variations are calibrations, b, An expan- 
ded region of a, which emphasizes the sloping 
baseline. Lines 1 and 2 are as in a. Line 3 is the 
gradient of the apparent output power calculated 
by differentiation of the data using a seven-point 
Savitzky-Golay routine 23 , stepping one point at a 
time. At points A the calorimeter was topped up 
to the reference mark with H 2 0 pre-warmed to the 
cell temperature. At points B a volume of liquid 
estimated from the electrolysis rate was added, c and d, Results for the 
c and d, Results for the two most consistently exothermic FPH calorimeters — 
0.2 x 3-cm Pd rod in (1) LiOD and (2) LiOH — in the form of percentage excess 
of apparent output power over the Joule input power. The error bars represent 
the control limits ±2cr calculated from the results obtained for ail the 
different cells (see text), e, Raw data obtained using the isothermal 
calorimeter (20x2-mm diameter Pd cathode), immediately following the 
application of the input power, with the line representing the Joule input 
power and the dots the observed cell power. The response time of this 
calorimeter is governed by the time to obtain thermal mixing of the cell 
contents, and is faster than that of the simple calorimeters, despite the 
large solution volume. 

SLOPING BASELINE. The response of the 'simple' FPH calorimeter can be 
modelled by 10 

P tn = kA7=(k sb +k c )A7 (3) 

where 9 , 

- 7 ^] = 4^ r^ti + 3d r/(2 r 0 )] =* s60 (i + 3A 77(2 r 0 )) (4) 


= kA 2 /I = kA 2 /(I 0 + IV m 8t/(2Fnr?)) = k c0 ( 1 - aSt ) 

(P jn is the Joule input power, k is the calorimeter constant, k sb and k c are 
the contributions to the calorimeter constant of radiative losses through 
the vacuum jacket and conduction up the glass inner wall respectively, a 
is the Stefan-Boltzmann constant, A ± is the contact area of the solution 
with the wail of the cell, T 0 is the bath temperature, 7j is the cell temperature, 
M-T { -T 0 , k is the thermal conductivity of the glass, / is the distance 
from the liquid to the point where the inner glass wail comes into contact 
with the bath and its initial value is / 0 , A 2 is the cross-sectional area of 
the inner glass wall, / is the ceil current (300 mA), V m is the molar volume 
of cell solution, 8t is the elapsed time after refilling the cell, r, is the internal 
radius of the glass vessel and a - IV m /(2FTrr? I 0 ). We measured the 
calorimeter constant for the ceils to be ~0.1 W K" 1 , with the calculation 
using equation (4) indicating roughly equal contributions from k sb and k c . A 
more complete description of the calorimeter should also take into account 
the effects of the solution loss on the heat capacity of the calorimeter. It 
can be shown however that the contribution of this to the sloping baseline 
is insignificant 10 . 
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with the temperature. Without precautions, the variations in 
enrichment factor can be more than a factor of two 16 . The claims 
therefore need to be assessed against this known variable elec- 
trolytic enrichment. Surprisingly, Fleischmann et al. 1 claimed 
that there was no electrolytic enrichment in their platinum cell. 

If the rates of electrolytic evolution of hydrogen isotopes are 
written as follows 

D 2 0-»D 2 + 20 2 rat e = r 

DTO -* DT + \0 2 rate = XSr 

where r denotes the electrolysis rate, 5 the tritium-deuterium 
separation factor and X the mole fraction of tritium, T, in the 
solution, then the tritium accumulation is given by 10 

(5 + 


X 1 
X 0 (5 + a + y) 


tion)). For individual electrodes, 5 obs for palladium varied from 
0.46 to 0.65 (corrected 5 from 0.42 to 0.58), whereas S obs for 
platinum varied from 0.56 to 0.85 (corrected 5 from 0.43 to 
0.69) — a total range for individual electrodes of 5S obs = 0.4, 
which is enough to account for the results of Fleischmann et al. 1 . 

It is clear from these results and discussion that more evidence 
needs to be presented before the tritium accumulation reported 1 
can be considered as experimentally reliable evidence for the 
occurrence of a fusion process. 

Materials characterization 

With 125-|jLm palladium foils, hydrogen loadings (determined 10 
by hot-extraction mass spectrometry of specimens frozen in 
liquid nitrogen, and independently by electrochemical extrac- 
tion) of H/ Pd = 0.95 ±0.05 were achieved in ~1 h at 


r (5 + a + y)rfl] tlon ) of H/ Pd = 0.95 ± 0.05 were achieved in n at 

1 + a + y - (1 - 5) exp — \ 100 mA cm -2 in 0.1 M LiOH solution with a platinum anode. 

L J The limit of deuterium loading in 0.1 M LiOD was lower (0.84 ± 

IT/ n OaHc anH 9-mm Hiamptprl nnlari7erl for extended 


where the total solution volume is maintained constant by the 
addition of fresh D 2 0 (containing a mole fraction X 0 of tritium, 
directly proportional to the disintegration rate), the ratio of the 
sampling rate of the solution to the electrolysis rate is a and y 
denotes the ratio of the rate of evaporation of the solution to 
the electrolysis rate — a small correction that may be calculated 
assuming that the electrolysis gases passing out of the cell are 
saturated with water vapour. On the timescales of interest, 
variability in 5 would give a variable enrichment 


\X 0 ) N 0 


55 


( 2 ) 


The limit of deuterium loading in 0.1 M LiOD was lower (0.84 ± 
0.03). Rods (1- and 2-mm diameter) polarized for extended 
periods in neutron counting and calorimetry experiments 
showed D/ Pd = 0.76 ±0.06. It is well known 17 that the equili- 
brium pressure for a given deuterium loading is higher than that 
for the same hydrogen loading. Current-interruption methods 
confirmed that overpotentials in the range 0.8-1 V (ref. 1) were 
being obtained. From an initial composition >99.9% D 2 0, the 
solutions degraded to ~98-5% in 24 h and to 88-98% (analysis 
by infrared spectrometry) following electrolysis for many weeks. 
The resulting ratio H/D in the palladium was 0.02-0.04. 

During electrolysis, all of the palladium cathodes became 
covered with a layer that varied in appearance from a dull 
tarnish to a dense jet black. In the latter case, loose black material 
was also formed, which in extreme cases came off during elec- 


trolysis, resulting in quite heavy erosion of the cathode. The 
enrichment factor derived from the application of equation (1), phology of the cathode at the surface. The formation of a thick 


If the solution becomes contaminated by hydrogen absorption p 
from the atmosphere, then if S obs denotes the apparent DT layer itself evidently represented a modification of the mor- 


S obs = S/[0.5( 1 +/)], where/= (1 - X H )/(1 + X H (S HD - D) with 
X H denoting the mole fraction of hydrogen and 5 HD th e HD 
separation factor (relative rate of reaction of HDO and D 2 0). 
Therefore, as well as the inherent variability from one electrode 
to another, it is evident that any variability in the amount of 
hydrogen pickup will give a variation in the apparent enrichment 
factor: 

dS nh5 S HD 


dX H 2[1 + X h (S hd -1) 2 ] 

We found that, unless exceptional precautions were taken (and 
we believe that we used experimental procedures very similar 
to those used in ref. 1 (M. Fleischmann, personal communica- 
tion)), values of X H ~0.07 were common. Under these condi- 
tions, a change of X H of only 0.01 would give a change in S obs 
of 0.02, which could be significant given the smallness of the 
claimed effect. 

Any assessment of whether differential enrichment can be 
considered to account for the results in ref. 1 depends critically 
on the value of X 0 , which was not reported. Using values 1 of r 
(1.24x 10 18 atom s _l ) and N 0 (14.6 x 10 23 atom) we calculate 
from equation (2) that if X 0 were at the extreme low end of the 
range for commercial D 2 0 (3Bqml _l ), a value of 55 = 0.46 
would be required; if it were moderate (10-15 Bq ml -1 ) a value 
55 = 0.1 would be needed; if it were high (80 Bq ml -1 ) 55 ~ 0.02 
would suffice. 

The applicability of equation (1) was confirmed experi- 
mentally, on both platinum and palladium cathodes, in conjunc- 
tion with calorimetric and neutron-counting experiments (see 
Fig. 5 legend) using D 2 0 with an initial tritium content of 
13 kBq ml -1 (efficiency corrected). The fit of this equation to all 
the experimental data (Fig. 5) gave, for palladium, 5 obs = 0.59, 
and for platinum, 5 obs = 0.61. Correction for the uptake of hydro- 
gen, using 5 hd = 6 (ref. 16), gave 5 = 0.48, in agreement with 
previous work and theoretical expectations ( 5 = 0.46 ± 0.02, (refs 
14, 15 and D. S. Rawson and R. L. Otlet, personal communica- 


black layer was enhanced at high current density, at high tem- 
perature, on smaller diameter wire and by frequent abrupt 
alterations of the current density repeated over a long period. 
The layer was more noticeable on the outside of a spiral-wound 
cathode than on the inside. The layer was also more noticeable 
on cathodes polarized in D 2 0 than on those polarized in H 2 0 
(perhaps this is related to the greater equilibrium gas pressure 
for equivalent composition in the Pd-D system), and was 
different in appearance on materials from different sources. 
These observations may be explained by the old idea 17 that 
microfissures, or rifts, develop in palladium to release the 
mechanical strains resulting from the heavy loading of hydrogen, 
together with the assumption that any such effect would depend 
on the stress state of the metal surface and its microstructure. 

Lithium was present in the surface layer on cathodes used in 
LiOD, and analysis by secondary-ion mass spectrometry (SIMS) 
apparently showed a concentration profile extending about 1 |xm 
into the metal. SIMS images showed that the lithium was not 
uniformly distributed, however, and it seemed likely that it was 
trapped in microfissures in the surface layer. 

Surface analysis showed a number of other species on and 
in the surface layer, notably small quantities of platinum and 
traces of copper, zinc, iron, lead and silicon: platinum would 
have originated from the anode and silicon from the glass 
container. No doubt the majority of the other contamination 
would have come from the solution: the levels found (a few 
atom per cent, confined to the surface layers) were consistent 
with deposition by extended electrolysis from a solution of 
concentration around 10~ 9 -10 l0 M. One possible criticism is 
that low levels of such deposition could poison any essential 
catalytic activity: we therefore used pre-electrolysis in several 
experiments, in an attempt to lower the surface contamination. 
We either made repeat experiments on the same solution, simply 
changing the cathode, or treated the solution beforehand in a 
separate cell. 

Because of claims that an unusual mechanism might lead to 
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TABLE 2 Measured neutron and y*ray emission rates for cold fusion electrolytic cells 


la) Neutron emission rates 


Details of electrolysis 


Pd rod 2 mm* 
Pd wire 1 mm a 
Pd wire 1 mm 6 
Pd wire 1 mm° 
Pd wire 1 mm c 
Pd plate 1 mm° 
Pd foil 
Pd/22Ag e 
Pd/22Ag e 
Pd foil ' 

Pd foil* 

Pd foil* 


Pd foil' 

Pd foil 1 
Pd foil* 

Pd foil 
Pd foil 
Pd ribbon' 
Pd foil 
Pd pellet" 1 
Pd pieces" 
Pd pieces 
Ti foil 
Ti foil 
(continued) 


Ti rod 
(continued) 
Ti granules 0 
Ti granules 


Ti granules 
Ti granules 


Ti granules 
Ti granules 
Ti/6AI/4V 
Ti/6AI/4V° 

TiFe granules 
CeAI 2 granules 
UPt 3 granules 


Mass 

Surface 



Current 

Typical 

Duration 

Measured neutron yield’*' 

'8 1 

area (cm 2 ) 

Electrolyte 

Anode 

(mA) 

voltage 

(h) 

(n sec' 1 ) 

3 4 

5.7 

O.IMLiOD 

Pt wire 

360 

5 

914 

T hese cells monitored initially 

0 94 

3.1 

0.1M LiOD 

Pt wire 

200' 

4 

916 

oy tow-efficiency n-detectors 

094 

3.1 

0.1M LiOD 

Pt wire 

200 

4 

916 

with tower detection limit 

14 

4 7 

O.IMLiOD 

Pt wire 

300 s 

5 

917 

of -100 s' 1 Later moved to 

0.47 

1.6 

0 1M LiOD 

Pt wire 

750 

11 

856 

a dual -cavity neutron 

7 5 

13.5 

1M LiOD 

Pt sheet 

2.000 

10 

307 

detector* 0 with lower 

0.5 

8.0 

01MU0D 

Vitreous C 

400-120' 

4-20 

142 

detection limit —2 s' 1 . 

1.6 

3.8 

0.1M LiOD 

Pt wire 

380 

5 

859 

No detected n-emission. 

16 

3.8 

0.1M LiOD 

Pt wire 

380“ 

5 

547 


0075 

1.0 

0.1M LiOD 

Pt wire 

30 

3 

87 

-0.019 * 0.042 

0.075 

1.0 

0 1M LiOD 

Pt wire 

250 

7 

6 

0.00*0.08 

0.075 

1.0 

0.1M LiOD 

Pt wire 

250 

7 

16 

0 04 * 0.11 



+ 17 mM Na 3 S 






0075 

1.0 

O.IMLiOD 

Pt wire 

250 

8 

16 

0 005 1 0 063 

0.075 

1.0 

0 1M LiOD 

Pt wire 

250 

8 

16 

0.051 ±0.061 

0.075 

1.0 

0.1M LiOD 

Pt wire 

1.000 

15 

56 

0.068 ± 0.061 

0.63 

8.0 

0.1M LiOD 

Pt foil 

1.000 

14 

17 

-0.110x0,082 

0.63 

8.0 

O.IMLiOD 

Pd foil 

1.000 

18 

22 

0.012 ±0.079 

045 

0.92 

01M LiOD 

Pd foil 

600“ 

15 

110 

-0.063 ±0 096 

0.60 

8.0 

O.IMLiOD 

Au wire 

1.000 

12 

43 

0.068 ±0.058 

3.0 

2 

0.1M LiOD 

Pt foil 

650 

18 

68 

0.007 ±0.042 

4.4 


O.IMLiOD 

Pd foil 

500 

8 

88 

0.012 ±0.033 

4.4 


0.1M LiOD 

Pd foil 

500 

15 

88 

0.003x0.046* 

0.038 

1.0 

0.1M D 3 S0 4 

Au wire 

250 

5 

34 

-0.091 ± 0 054 

0.038 

1.0 

0 1M D 3 S0 4 

Au foil 

1.000 

5 

3 

-0.22 ±0.12' 



0.1M 0 3 S0 4 


1.000 

5 

4 

-0.22*0.12' 



+ 0.02M PdCI 3 






2.2 

4.3 

Jones" 

Au foil 

100 

4 

3 

-0.06*0.15' 





500 

£ 

2 

-0.42*0.21' 

0.5 


0.1M D 2 S0 4 

Pt wire 

250 

7 

22 

0.00x0.072 

0.5 


01M D 2 S0 4 








+ 3 mM Na 4 P 3 0 7 

Pt wire 

250 


66 

0.044 ± 0.054 

40 


0.1M D 3 S0 4 

Pt wire 

250 

25 

22 

-0.009 x 0.058 

40 


0.1M D 3 S0 4 








+ 3 mM Na 4 P 3 0 7 

Pt foil 

250 

25 

22 

-0.010x0 060 

17 


Jones 

Au foil 

500 

26 

24 

0.021x0.054 - 


0.1MD 3 S0 4 

o.imd 3 so 4 

0.1M D 3 S0 4 

O.IMLiOD 

O.lMLiOD 


(b) y-ray emission rates 


kT' 


-0.003 * 0.031“ 
0.031x0.044* 
0.12 £0.06 
-0.051 * 0.056 
0.10 ±0.06 


Details of electrolysis 



Mass 

Surface 



Current 

Typical 

Duration 

Measured 5.488-keV y-ray y 

Material 

lg) 

area (cm 2 ) 

Electrolyte' 

Anode 

(mA) 

voltage 

(h) 

(ys 1 ) 

Pd foil 

0.58 

7.5 

O.IMUOH 

p tm\ 

450 

9 

45 

( -4.9 ± 7.43) *10 

Pd foil 

0.74 

9.5 

O.IMUOH 

Pt foil 

510 

' 9 

164 

-0.011x0 004 

Pd sheet 

7 7 

12.9 

0.1M LiOH* 

Pt foil 

200 

4.6 

50 

-0.017x0.012 

Pd rod 

3.1 

2.3 

0.1M LiOH 

Au foil 

1.000 

26 

17 

0.008 * 0.011 

Ti foil 

0.089 

2.0 

Jones* 

Au foil 

320 

5 

42 

-0.022x0.011 

Ti foil 

2.2 

32 

Jones 

Au foil 

1.000 

4 

12 

-0.015x0.034 

Ti foil 

2.2 

32 

Jones 

Au foil 

1.000 

4 

6 

0.012*0.007 

Ti granules 

25 


Jones 

Au foil 

710 

13 

8 

0.032x0.036 

Ti granules 

25 


01MH 2 S0 4 

Au foil 

400 

20 

25 

-0.019*0.018 

Ti granules 

25 


0.1MH 3 S0 4 

Au foil 

765 

16 

16 

0.017x0.022 

UPt 3 granules 

42 


0.1M LiOH 

Pt foil 

300 

31 

166 

(3.1 ± 6.0) x 10 


* Cells provided by M. Fleischmann, Cathodes analysed for H. D after use— results H/D: 0.01. 0.02 D/Pd: 0.84, 0.72. 

0 Cathode wound into a tight spiral. Examined initially in the large n-detector, without shuttle, for 147 h with estimated detection limit Ins" 1 and a further 5 h with detection limit 0.2 n s” 1 . Surface 
of cathode then rubbed with S before further use. 
c Cathode cleaned with emery paper after 300 h. 

"Cathode examined initially in the large n-detector, without shuttle, in G.lMliOD for 183 h; estimated detection limit 1 ns" 1 Abraded with 400-grit SiC paper before use. 
e Tubes from D storage system for Tokamak, 

' Cathode analysed for H. D after use— results. H/Pd: 0.03 D/Pd: 0.80. 
g Electrolyte of the above run reused. 

" Cathode and electrolyte of the above run reused: Na 3 S added as concentrated aqueous solution. 

Foil vacuum degassed 1.000 3 C before use Analysed for H. D after use— results: H/Pd: 0.02 D/Pd: 0.83. 

' Foil dipped in Na 3 S (concentrated solution) before use. Analysed for H, D after use— results: H/Pd: 0.05 D/Pd; 0.80. 

* Cathode cut in half and analysed for H. D after use — results: H/Pd: 0.02, 0.02 D/Pd: 0.85, 0.78. 

' Melt-spun ribbon provided by Johnson -Matthey Technology Centre 

m Arc remelted twice: electrolytically charged for 1 month in 0 1MU0D then frozen in liquid nitrogen, dipped in concentrated Na 3 S solution and transferred to n-counting cell. 
n Four 1-2-mm-thick discs of different types of Pd (Johnson -Matthey) spot welded to Pd wires plus strained Pd Wire. 

° Electrolyte reused after a previous run with a Ti cathode and Pt anode 

* ° Material heated to 900 X then quenched in water before use. 
a AuCN in Jones electrolyte replaced with NaAuCI 4 

' Current on for 36 h then changed between 200 mA and 20 mA every hour. 

5 Current on for 36 h then changed between 300 mA and 30 mA every 5 min. 

‘ Current changed slowly over range shown during electrolysis period as anode disintegrated. 

° Current on for 36 h then cycled off for 10 h and on for 2 h for period of 270 h. Then 5.000 s at 380 mA cathodic and 4.000 s at 10 mA anodic for rest of period. 
v Current cycled on/off every 2 h. Neutron yield is for on' cycle. 

" errors assigned tier, calculated over full run duration) vary somewhat because in an attempt (mostly in the earlier stages of the programme) to cover as wide a range of cell configurations 
as possible, pairs of unpowered + unpowered and powered + unpowered runs were not always carried out. and consequently allowance has to made for slight differences in overall cosmic-ray neutron 
detection efficiencies caused by slight differences between the two nominally identical cells. 

These data were obtained using a different data acquisition system to drive the shuttle and accumulate data, set up to look for neutron bursts 10 . 

' Cells exchanged every 5 min by hand. 

^All electrolytes used for y-ray work were 50 50 H 3 0 D 3 0 except * which were 41 59 H 3 0 D 3 0. 

For the present measurements, the system was calibrated with a set of standard y-ray sources and a 238 Pu/ 13 C {a, ny) source emitting 6.129-keV y-rays. The cells were positioned such that 
their cathodes were as close as possible to the detector crystal, and the detection efficiencies were calculated by integrating previously measured 21 point efficiency functions over the cathode volume. 
Peaks were searched for at 5.488. 4,977 and 4 466keV corresponding to the expected location of the full energy, single-escape and double-escape peaks using the method recommended in ref. 22. 
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nuclear reactions proceeding predominantly non-radiatively to 
4 He, four cathodes (Table 2, first four entries) were analysed 
by vacuum fusion/mass spectrometry. The high vapour pressure 
of palladium at the melting point caused difficulties, so internal 
standards were prepared by ion implantation of 10 and 
10 15 atoms of 4 He into samples cut from the cathodes. Detection 
limits for 3 He and 4 He determined in this way were ~8x 
10 10 atoms per sample— ( 1-10) x 10 11 atom g" 1 . We found no 
3 He or 4 He. The expected level, if fusion had been occurring at 
the rate reported in ref. 1, was ~~10 16 atom g -1 . 

Evolution of hydrogen at a titanium cathode resulted, as is 
well known 13 , in a dense network of hydride precipitates, observ- 
able by standard metallographic methods, penetrating below 
the surface. In 0.1MD 2 SO 4 electrolyte at 100 mA cm -2 , the 
network penetrated —30 |xm in 1 h. Precious-metal deposition 
inhibited the electrolytic uptake, presumably by lowering the 
overvoltage and promoting gas evolution. Electrolysis in the 
k brew’ used by Jones et air resulted in hydride precipitates 
confined to the grain boundaries; other experiments showed 
that the presence of PdCl 2 in the electrolyte caused this effect, 
presumably as a consequence of palladium plating on the 
cathode. It is clear that expressions of the fusion rate that assume 
that the cathode has composition TiD 2 are completely mis- 
leading: metallography shows that the number of deuterium 
pairs is far fewer, hence the claimed fusion rate per deuterium 
pair is far higher than the figure given, and so the results are 
even more difficult to reconcile with expectations than had been 
implied 2 . 


Discussion 

The interest in cold fusion has generated a large number of 
neutron counting experiments. It is well known that, in general, 
it is inadvisable to measure the signal + background and back- 
ground of counting measurements at different times and in 
different physical locations (as in ref. 1), because of unexpected 
systematic variations. This is especially true for low-count-rate 
experiments. Compensating for variation of the background rate 
and assessing appropriate errors for the procedure chosen are 
particular problems. The work of Jones et al. 2 can be criticized 
for such errors 18 . It is notable that in ref. 2, only one run in 
fourteen showed a significant effect and then only because this 
particular run was assigned a smaller counting error than the 
others. Here we have attempted to minimize, by the shuttle 
procedure, uncertainty about background and counter variabil- 
ity and about error calculation. Given some of the more spec- 
tacular claims that have been made, we note that further caution 
is advisable because of the notorious sensitivity of l0 BF 3 and 
3 He proportional counters to humidity and of counter-amplifier 
systems to earth loops. In our work the neutron detectors were 
segmented, and the relationship between signals from the seg- 
ments was well known, so spurious effects giving inconsistent 
signals from the segments could be identified. 

Failure to reproduce the effects has been attributed by some 
to the need for rigorous exclusion of hydrogen and claims have 
been made that palladium electrodes must be cast and carefully 
degassed before use, to remove all traces of carbon and hydrogen 
impurity which might decorate dislocations or other high-energy 




FIG. 3 Data from a typical run on the 
large high-efficiency neutron detector. 

These show the differences between 
count rates for powered and 
unpowered cells resulting from suc- 
cessive alternate shuttle positions 
for 40 g of titanium granules in 
0.1M D 2 S0 4 . The errors shown are la 
errors for each five-minute counting 
period. In addition to results from the 
detector as a whole, results from two 
of the five rings of 2-inch diameter 
107-cm active length 10 BF 3 propor- 
tional counters are also shown. The 
counts in rings 2, 3 and 5 (not shown) 
were very similar to those in ring 1. 

The apparent bursts were seen only in 
ring 4 and are therefore a spurious 
effect. A tube (90-mm inner diameter) 
passes through the centre of the 
detector, and the shielding consists of 
6 inches of borated resin, 1 mm of 
cadmium and 2 inches of lead. The 
neutron detection efficiency is high and 
is largely independent of neutron 
energy, varying from 48% for 0.5-MeV 
(Am/Li) neutrons to 40% for 4.2-MeV 
(Am/Be) neutrons. The background 
count rate is 4-5 counts -1 mostly 
neutrons from cosmic rays. Each of the 
five rings of counters has its own 
independent pre-amplifier, pulse- 
shaping amplifier and discriminator, 
and the mean energy of neutrons coun- 
ted can be obtained from the ratio of counts in the outermost ring of 
counters (ring 5) to counts in the innermost (ring 1). Because neutron counts 
are distributed over five rings, and because of the 135-p.s-mean time to 
capture, neutrons emitted simultaneously from a source as a burst are 
counted separately (as seen with the 252 Cf source, for example). The 
pre-amplifiers, high voltage components and insulators are all contained 
within a desiccated electrically screened box, and we eliminate earth loops 



40 45 o 5 

Time into run (h) 

and induced electromagnetic pick-up ('aerial') effects from external coaxial- 
cable runs to the PDP-11/45 data-acquisition computer by using isolating 
high-frequency pulse transformers and by winding the coaxial cables many 
times around ferrite rings. The neutron detector and its immediately associ- 
ated electronics are located in a temperature-controlled air-conditioned 
blockhouse with two-foot-thick concrete walls and roof. 
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sites (ref. 19 and R. A. Huggins, Workshop on Cold Fusion, 
Santa Fe, May 1989): this is however inconsistent with the 
postulate of a ‘fusion’ origin for the effect because, at low 
energies, p-d fusion is expected to be significantly faster than 
d-d fusion 3 . Furthermore, the original reports 1 ' 2 did not mention 
any special precautions to exclude atmospheric water vapour 
apart from careful covering of the electrolytic cells. We followed 
similar procedures, and found that degradation of the heavy 
water by exchange with atmospheric moisture occurred quite 
rapidly. Alternatively, it is claimed that it is essential to maintain 
a high current density for a considerable period (A. J. Appleby, 
Workshop on Cold Fusion, Santa Fe, May 1989) although it is 
not completely clear whether these latter claims are in fact 
reproductions of the effect reported in ref. 1 or are something 
different. In our neutron counting experiments, fresh disloca- 
tions were introduced by plastic deformation, some counting 
experiments were carried out at current density as high as 
1 A cm -2 (Table 2) and in one experiment in the isothermal 
calorimeter a high current density was maintained for a consider- 
able period (Table 1). Trace deposition of platinum on the 
cathode, supposedly causing a lowering of the overpotential for 
deuterium evolution and hence a lowering of the attainable 
deuterium level in the cathode, has also been suggested as an 
explanation for irreproducibility (M. Fleischmann, personal 
communication). We observed no effect when we used palladium 
anodes in our neutron counting experiments. 

Timescales for hydrogen and deuterium loading consistent 
with the expected diffusion time (x 2 /D where the diffusion 
coefficient, D = 10~ 7 cm 2 s _l and x is the radius or half-thickness 
of the specimen) were measured 10 and nuclear counting and 
calorimetric experiments were always conducted over periods 
much longer than this. Furthermore, in the process of electrolytic 
loading of palladium, there will clearly be a concentration 
gradient, a moving phase boundary and the outer atomic layers 
of the metal will be saturated (possibly supersaturated) with 
deuterium 17 . It might be expected, therefore, that sufficiently 
sensitive equipment would detect any fusion process well before 
the material is completely loaded. Because our neutron detection 
sensitivity was ~10 5 -10 6 times greater than that of Fleischmann 
et al\ it seems unlikely that any greatly enhanced fusion process 
associated with the absorption of deuterium into palladium, 
giving rise to neutron emission, is occurring. We are, of course, 
aware that it is always possible to construct essentially untestable 
theories involving hypothetical special conditions of the metal 
or of its surface. Careful characterization of materials for which 
positive results are claimed is therefore of great importance. 

It has been argued that the neutron branch of the d-d reaction 
might be completely suppressed in favour of the (t + p) branch 
and it has been further argued (S. Pons, personal communica- 
tion) that the tritium produced as a result of a nuclear process 
inside the electrode need not necessarily exchange with the 
electrolyte and might not therefore be detected. However, the 
other product of such a nuclear process, a high-energy proton, 
should be detectable by its interaction with the lattice, includ- 
ing neutron emission: we estimate, knowing the rate of energy 
loss of the protons and by comparison with (p, n) reaction 
cross-sections for neighbouring elements, a yield of 
~10 -6 neutron per proton, implying a neutron yield in our 
counting experiments of as much as 10 4 s _l if fusion at the rate 
reported in ref. 1 were to proceed entirely through the (t + p) 
branch. 

In view of the rather large d-d separations in both PdD and 
TiD 2 , it might be argued that fusion requires some non-equili- 
brium state in the lattice — perhaps at the a/fj phase boundary 
in palladium or at the tips of the growing TiD 2 needles or at a 
lattice defect — where the d-d or p-d separation could be greatly 
reduced. Here we created non-equilibrium situations by pulsing 
the current but we detected no neutron emission (Fig. 4). 

Some explanations of the apparent excess heat production 
have emphasized recombination processes at catalytic metal 


surfaces -0 : apart from occasional explosions, however, which 
did not result in any detectable neutron emission, we found, by 
comparison of the volume of water added to maintain the cell 
volume with the electrolysis charge passed, that this was not a 
significant effect (in agreement with others 9 ) Recombination in 
the gas space above the liquid, either on exposed cathode surface 
or catalysed by colloidal metal particles eroded from the 
cathode, might however account for some of the observations 
of bursts of heat recently reported (M. Fleischmann and S. Pons, 
Electrochemical Society Meeting, Los Angeles, May 1989). In 
discussing the claims in ref. 1, we prefer to focus on characteris- 
tics of the ‘simple’ Fleischman, Pons and Hawkins (FPH) 
calorimeters, because we have only observed small effects (at 
the level of the inherent uncertainties), which might mistakenly 
be claimed as arising from cold fusion, in the one type of 
calorimeter (FPH type) that has major calibration difficulties. 
Cells using the same electrode and electrolyte materials operated 
in calorimeters that did not have these problems exhibited none 
of these effects. 

There are two points regarding the calibration that could have 
a profound effect on the apparent results obtained with FPH- 
type calorimeters: the first concerns when the calibration is 
performed and the second how it is performed. Concerning the 
first point, it seems from our work and that of Lewis et al* that 
a calibration performed during the first 10,000 min of electrolysis 
could be seriously in error and lead to an erroneous conclusion 
that subsequently, rather than being in balance, the cells were 
exothermic. Concerning the second point, Fleischmann et al. [ 
describe calibration using the internal-resistance heater, by 
measurement of Newton’s-law-of-cooling losses. Typically, this 
procedure might involve the application of power to the heater 
while electrolysis was occurring, following the temperature-time 
trace until a steady state was obtained, then switching the heater 
off and following the cooling curve. This procedure gives an 
approximation to the differential calorimeter constant, k d = 
d(AP)/d(AT) (where P is power and T is temperature) at the 
operating temperature of the cell and can give rise to errors in 
two ways. First, because any calibration sequence would require 


0-5 

m 04 

1 03 
o 

< O'* 

S 

^ 0 
co 

- 0-1 

© 

2 0 -2 
c 0-3 
O 0-4 

0-5 


FIG. 4 Time dependence of neutron emission from an electrolytic cell with 
melt-spun Pd ribbon cathode and Pd foil anode, with power alternately turned 
on for deuterium loading and off for relaxation every 2h by the data- 
acquisition computer: see Table 2 footnote /. The total length of the run 
was 110 h, and the sums of the ‘on’ and ‘off data are shown. After 90 h 
of running, we added 1 p.MPb 2+ (to poison the surface by Pb deposition) 
to the solution. There was no difference between the data in the presence 
and absence of Pb 2+ , and so data for the whole run was combined. This 
run was undertaken to enhance the appearance of the non-equilibrium 
effects discussed in the text. It is assumed that the ribbon would have had 
a high density of grain boundaries, dislocations and other lattice defects. 
Because the 'on’ and ‘off’ periods were several times the characteristic 
diffusion time for the ribbon, it is assumed that the composition was cycling 
in the (3-phase region between the fully loaded condition (D/Pd -0.83) and 
the limit of the (a+(3) phase field (D/Pd = 0.65). 
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5-10 h, extrapolation would be required to obtain the correct 
value at the reference liquid level: an estimated error of 20% 
or more could result. Furthermore, because the evaporation of 
the cell contents increases markedly with increasing tem- 
perature, the baseline slope would increase with increasing 
temperature and the effects of this sort of error would become 
correspondingly more marked: the claimed effects were indeed 
greatest in the cells run at the highest input power. Second, 
these calorimeters are nonlinear (equation (3), Fig. 2 legend), 
with the effect being significant when the temperature gradient 
is large: they cannot be described by a simple Newton’s-law-of- 
cooling constant. If a differential calorimeter constant is used 
to derive the input power, the calculated output would be (from 
Fig. 2 legend, equation (3)) 

P app = fc d AT = ( fc sb , 0 + k c ) A T + 3(fc sb , 0 / T 0 )( A T) 2 
so that, in comparison with the correct output (equation (3)) 
P app -P = 3fe sb , 0 (AT) 2 /2T 0 ) 

If the power applied to the heater is significant compared with 
the electrolysis power then this error will be even greater. Back 
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effects were largest for Joule input powers on the order of 6 W. 
For our FPH-type calorimeters, this would have given AT — 
50-60 °C. Therefore, had these cells been calibrated in this way, 
an apparent heat excess on the order of 0.8-1 W would have 
been observed. Our method of calibration (see Fig. 1 caption) 
considerably reduced the effect of these sources of error. The 
original report 1 was clearly preliminary in nature, and it is 
evident from the above that the claims made therein cannot be 
assessed in the absence of a detailed description of the experi- 
mental procedure used and of the methods used to compensate 
for the systematic errors inherent in the use of a simple 
calorimeter. 

We feel that our work has served to establish clear bounds 
for the non-observance of cold fusion in electrolysis cells, under 
carefully controlled and well understood experimental condi- 
tions and using well characterized materials. Further details 
are given in ref. 10. Claims of observations of cold fusion 
ought now to meet similar standards of data analysis and 
materials characterization so that a proper assessment can be 
made. □ 
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INTRODUCTION 


CoMunauS^LJoplennes.pour^ialiL^une^nqu^t^suriS^tm! 

de "* concernant ce qux est actuellement appele la "Fusion froi- 

«sar 

Nous avons successivement visite: 

~ L Uniiersiti 1 r^i i ii et ci e f . divers laboratoires de Texas A & M 
iversity,Conege Station, Texas , en particulier ceux des 
Prof esseurs Bockns , Appleby , Martin , Wolf , Marsh . 

~ L pf r tLi!l\- ^ JuillGt ' les laboratoires de Los Alamos, en 
particulier ceux des Dr. Menlove et Storms. 

_L Sta^ford! let,lG laboratoirG du Professeur Huggins a 

< 0 / 

_L o 15 l uillet - n °us avons rendu visite au Dr.Garwin a 
San Diego. Le Dr.Garwin a ete membre du panel tres 
recent organise par le D.O.E. a Washington sur la 
Fusion froide.Ceci nous a permis d' avoir une opi- 
nion plus nuancee sur les resultats qui nous avaient 
ete precedemment presentes . 
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VISITE DU LABORATOIRE DU PROFmc;c;TrTTT> 

======= : ============= ======;=== fff®^_®°CKRIs. (Texas A & M University) 

Nous avons rencontre: 

R. Kainthla, 

N. j . c. Packham, 

L. Kaba , 

F . Cheng 

resultats irtlreesMt^Sfen^avoi? Ilf ftjnuf ^ °° deS 

Les principaux travaux effectuef sont? eriSnCeS d ' dlectrc,1 Y=e- 
-Preparation des electrodes en palladium. 

atta^e%a? S 4cide?oi a bien rlLit^foo^ 1 qUel :° U bien 

?aLr dSLntL^ons S le e s pec?re 4 A heUreS * ^^cer- 
cuit.Ii montre,avant,la P presence 9 de flfdfcTfef' 

dfntf °lI In® associ ® e i la diminution des prece- 
ve?s ia^u?faoe " apparait par segregation du Volume 

Preelectrolyse et chargement. 

Le chargement en deuterium de ] a pafhnrio , 

une e fiJSSSTS-IS**^ | • ScLa 

la methode eSployle p« PoL If ^ Ce . Soit la 

d ' ailleurs so^ci Z 1 i e £f t *, ff Flei schmann qui sont 

pesee, on detlf Ini In “appolf f p | a §° n . d ' ' => p «er. Par 
une lettre de protestation =,,, a- ?d 0,8 au moins -Dans 
"NATURE" (Doc n° 4 ^ Root • U • dl f Gc teur de la revue 

ces dure4i f -cLrlirnffltlnfflf, 3 " lE fait *“ 

fof S' ^ If ST- If ” 

-Electrolyse principale. 

cl-dessufe^ avlc ^^nodf erpla^L^^nt 1 ^^^ 
maintenant de 500 a snn ~ Piatine.L intensite est 

guelques divines dUre de 

trolyte est LiOD a 0 i m dlX 3 ours . L 1 elec- 

U a 0fl M ‘ Les 9 az ne sont pas recuperes. 

T btats en tritium. (Article soumis a NATURF Doo r>° i\ 

correspondant SS^S^lSt^e^aliSi^Cebt 1 ^^ 61111168 ' 
du C p; n ^!? a n ^fTt r ii Yte ’ Ini tialem; n t ^eS^etbo 
s'equiper d'un appareil commo^ U ^ e f • Boclcr i s vient de 

scintillateur ty^e POPOP Par soici o bll; !- sant un liquide 
tillons d ' electrolyte et * des S ri 9 ue ^,des echan- 

en anaiyse a tos Ja^o f bS Ilf Sgff I , Ge “— f s 
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Alan^vIi^nolre^cVISrSS a? S an f lyses fa ites a Los 
1 ' activite dans la cellule est iS,? ' ' L • augmentation de 
et semble sDer^mi 3 i UlG GSt InGsuree au cours du ternn^ 
sance 2 °°-" SSpt dix 

ete observe sur sept cell ni oo eure^.Ce phenomene a 

1 1 °n a recueilli iL Saz ^ neUf ‘ Une experience, ou 
lyseur au platine,a montrd cZ'il SUr Un cata ~ 

mee une concentration de tritium 10 I sn eau for ~ 

que dans 1 ’ electrolyte ce auinro,™. ? fois plus 9 ra nde 
du tritium passe dans les c£z Un la ma ^rite 

la cathode montre qu'il n'y a’olus d? 6 ? de la surface de 
en surface, (Voir visite lahn ? atomes de palladium 

tes , sans doute de nickJl sont '^n 13 ^ ? GS de ndri- 

proposee est gue la fm-ma-t- • a PParus.Une explication 

d • atteindrf dS^LpHlec?^^ dGn ? ritGS ttant 

5n e Srpius r d:Sne?gJe » 

combinaison. Cette evaluation a dt^e P J ecise de la re- 

lules et on a trouve un Jh??e ^ faate sur deux <=el- 
Ceoendant- i 0[ . n chiffre compris entre l et ? s- 

cependant, les mesures ne sont na^ ej ~ z *• 

les ayant produit de l'energi e P un^^f SUr ^ es cellu ~ 
pour cela.il est a not^r- i ’ Un ™ onta 9 G est en cours 

on a mesure une production^ ' Cellules sur lesquelles 

mes que oelles sSr leso^e?! « 916 " e Sont pas les 

ssK e ^?5ui;'S. t s^r rdu ^ 

duite serait alg(| mesurabllf Par 5 ° Gt la chaleur P r °~ 

-Essais d- explication de l'energie degagee. 

Dans un article detaille (Doc n° ^ i ^ 
les principales possibl 11 ta° d a ),X troupe analyse 
tres que nucleaire T1 de< ? a 9 e ^ent d'energie au- 

tique d'expli^i? lis a t conclu ® a 1 ' impossibilitl pra- 
ti^sAoSaiS^ Phenomenes autre„ent que par ?eac- 

-Erreurs a eviter. 

Bockris ?2s“e n Ls errlS?l (D ° C ' 5) ’ 

tiendront.en particulierf evlter - se l°n lui.Nous re- 

“avantiLc??o?yse d pri^oipa?e? dS Char 9 e ” e " t ' 

Mattel 10n dS P alladia >" tres pur.type Johnson 
_l Si P nl°i: ipti ° n de tout con tact avec de 1'eau or- 

a pas e ShimilumLeLe^ce! Um,1 ' aSSUranCe qU ' 11 n ' y 
-Travaux futurs. 

cellule travailler toujours en 

que d'avoiPune qeStion ;■?" Par “talyseur, ainsi 

afin de pouvoi? ln t^?r»r lqU ? des electrolyses 
pouvoir en traiter un grand nombre a la fois 
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VISITE DES LABORATOTppq htt 

PROFESSEDR MARS H. , Texas A S M Univ.) 


Nous avons rencontre: 

Pr . Marsh, 

Dr . Gammon , 

trolyse\oit°seul^soit\n a coll f h it: ? SS ex P 4riences d'elec- 
du Dr. Martin. Notons que le laborat 1 ^ a ^ GC le laborat °i^e 
cialise dans les mesur^ rh Q ™ a ^° rat ° lre de Marsh est spe- 
le sous contrat pour le N.B.S ° ynamigues et ‘Ju'il travail- 

20 cellules°une seul^a^ionnJTd 111 ^ dSS GXCGS de chaleur.Sur 
n’a pu , depuis , reproduire^ce^esultat^nf d ° ° haleUr et 1 ' ° n 
utilise pour ces experiences !?a Notons qUe le Palladium 
celui utilise par B^Zris ?! t Hi d'origme differente de 

recuit sous vide. Les tiges de pJllad?im utallsa bei quel,soit 
riable de 1 a 2 mm et i Palladium ont un diametre va- 

plongees dans un bain et i^^ n ? UeUr de 10 Cm - Les cellules sont 
bain sent vSln^Hmta de la cellu l e ^ du 
ne sont pas recuSillis o? P Sf deS resistances. Les gaz 

n' a j amai s vu de forte^ent agite.On 

A & M univ.) 

Auger. (Doc. On^xamine f es cathodes Par sonde 

brut du fournisseur puis ses efe? 0 ^ la su f face du palladium 
fluence du recuit ^ - successes. On voit l' in - 

C,S,1' influence L^'eLeLeivte^o^r^^n les pics de 
pic caracteristique du oJn ^dT^ ^ 0D * A P ras electrolyse , le 
tent ceux du carbone et ? de i/™ disparait tandis qu'augmen- 

superficielle e^t eL^e ygene ’ La nature de la c °2che 

peut etre present sous forme con 5 ue ' lnais ie lithium y est 
SIMS le montrent.Une coucte de Sn COImt,e deS ex P a riences au 
de lithium dont l'epaisseur exflrt P S1 T!'f ntaines d'angtroms 

no? Sente S ° US f0rme -veSSellfd'o^? 116 4 ^ antifie - 
rent de cllui U de S BSckris? dlUIn provient d ' un fournisseur diffe- 


ISITE_DU_LABQR AT 0I RE D U PROFESSEUR WOLF. (Texas A 


& M Univ. ) 


maker qui nous^fait^isiter ' l^l ^ encontr e ie Dr. Shoe- 

neutrons. visiter le laboratoire de detection des 
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tium dans r huit f c JiiuieS C Ji- q H ' 11 avait obtenu a la fois du tri 

produit a la foL du t ?itL LT tr ° nS danS trois -Une 2euS e 
rapport auquel on peut f neutrons mais pas dans le 

gu'il utilise son t P fournies^par r ie L TAh CG ^^ U ^ eS d '^ctrolyse 

Le systeme de detection des npi,+- b ° rat ° lre dG Boc kris. 
constitue d'un PM et d'un scintil] 3 ^ r ° n Mt7 OInporte un compteur 
par un empilement contre les nenti^ NE2l3,le tout blinde 
actif contre les cosSi^esfaais llln* ' 11 Y a Un vet ° 
constitue de scintillateurA sur i! J d etre dans quatre pi e t 
sur 1 microseconde. Le sianal i ^ i °ft.Ce veto serait actif 
coups/minute sur un bruit de fond de a ^ de 2,7 

n avons pas vu le spectre PSD rorvf! °'* coup / m inute . Nous 
par un tiroir allemand7>n ne con^naf?^^ PS ° est mesurd 
energie ni le seuil La "nrpmm° la resolution en 

cellule a ete obte£u^ n Signal • VU - venait de la 

quand la cellule etait eloignee a 12 s 1 Ch !J ta ^ a pres que o 

lieu de 1,3 cm. Les calibrations ont Ate e ^ detecteur au 
ce Pu-Be et Co60. nt ete faites avec une sour- 




™iTEJU = ^BO^TOIRE_DU PROFESSEUP APPLEBY. (Texas A ^ Univ ) 

=========== 

J albert? aV ° ns renc °ntre, outre le Professeur Appleby, le Dr. 

Le microcalorim^tre^tilis^est^u 3 ? S la . ^icrocalorimetrie . 
identigues , 1 ' une etant vlIS Jfse^vaJTde ^ CaVitds 
deux immergees dans un container nt de refer ence, toutes 
ces de temperatures entre ip q h , avec mesure des differen- 
cavites et le coSSiSr^vi? ^ ? avitds et entre les 
Fe) . Les sensibilites sont de^ 0 ?^ - 7 ' de i a edite a Santa 
deux cavites et de loo \l micr °watts entre les 

tainer. 6 100 mic r°vatts entre cavites et con- 

SXS^m.?! 1 ^^ pIs 1 de t JoiSnt S d nt f Gn t- inOX,dG dimens i°ns 
tension ne depasse pas 30 mi i 1 * dG n £ Ulte ' la fluctuation en 
fil ^ 0,5V ? ™ dfdia^e S al P diu " est ™ 

des spheres de 2 mm de diametr* fi=° ^ d long ou bien 
fil de diametre 0,5 mm et de ioVm 2°^ Gn platine est un 
tient de 7 a 8 millilitres d'fil +- f long. La cellule con- 
blancs sont faits avec LiOH dSs^ e ctro 1 yte l i0 d a 0,1 M .Les 

par NaOD en cours d ' electrolvse Gn ren,p l aca nt 

Un autre blanc esl - oh+-onn ^ pus des le depart) 

ladium par une en platine ??af ein F la ^ ant la cathode en pai- 
cathode non prechargee a une demarre avec une 

dant 50 heures,puis on'montl d eoo^a/ o 6 ° pe n- 

ramment du lithium naturel L -util • Utilise cou " 
change pratiguement pas l'dtat de rS?? de lithium 6 ne 

acceder legerement plus vite sans donf maiS permet d 'y 
tesse de diffusion de Lift f - doute parce gue la vi- 

sodium est de qualite nucleairp egerement pi us grande. Le 
brement . Le gendrateur est a 932 Se degagent li- 

ments de chaleur sont rpnr ^ +.^ n ^” cons tant.Les degage- 

quant itativement sur toutes les^i 63 ? Ualitativemen t,pas 
ment d- energie est de l'ordre deTa^^ 65 - 16 degage- 
rapport au produit (v-l 54 wt to t * au maxii num par 

d|obtenir plus rapidemeAt ^ recuit du fil permet 

gie.A noter, cependant , que les exces d'4ne ag ^ ment d ' 4ner “ 
faibles en valeur abs4lue et l?oSKL * energ 1 le r estent 

Ue et 1 ordre de quelques milli- 
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les att?ibuer a I'hydrure.La possibility de 

mesures de bilan de semb * e exclue par les 

2% maxima. d 9 ef fectuees , gui conduisent ala 

tro £ m^s^dSnne'Ses^L??! 5 ^ Cathode ' f -te au spec- 

sance^eul eA atSLf I 

nlr a 6 -! 1 ' d^la^uv^en^inox 3 ^ 61117 ne.peut prove- 

recombinaiso^totale^des^az^pa^cat 6 ! Ceb ^ ube ^rmde avec 
de Si 02 recouvert de platine. talySG sur un treillis 


VISITE DU LABORATOIRE DE LOS ALAMOS. 


Nous avons rencontre: 


<y 


Reed Jensen , directeur 
Malcolm Fowler, 

Anton Mayer, adjoint de Menlove, 

Shermann, '\ 

e SiSS G«oXf eld ' de 1 ' 4 30 i ston ” s - 

Paciotti, 

J . Solem. 

plus oi moins a daAs U la°Fusion f? 0 fde? pers ° nnes i»Pliquees 


1/ Experiences en Gaz. (Menlove Paciotti Tr 

v ciuuve^aciotti, Garcia, Fowler, Mayer) 

n- 8 C p?ep?int 1 SS?^ S H nt ?* crites <Jan S l e document 

tar* 

contenait 1 un X mdlange e de X divers a matdriaux , tit^ OU ^ e ^^ de 
DepiiI^i?S ont^JAaJ^d^isSie^irmltd?^ 5 
reproduct ibles^on^obt*^ 16 ^ r6sulta ^ a ^ e aucoSp S plis 

de mesurer la charcre Ho , , . nap f r . utllls e ne permet pas 

de 0,24 Hertz sur Ipc c ^ ^*^e bruit de fond typique 
sion une porte de Jff “Pteurs . Aprts chaque impul- 

la multipUci?e d'in hnJS ! eCO ? de , est ° uv ®rte et donne 
est aussi mesuree avec une rnrt^ 1 ‘ < Tf tCe rDulkti Plicite 
comparison des deux a permis de dfre' ■ U°lxSaIt ' Ss 
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pi icite de ToT^Il n- 10 microGGC °ndes eb de multi- 
^ miQC1 u a 80.11 n r y a pas de veto contre les rnq- 

1 fHiais ceux-ci sont identifies conrnie donnant un si 

dSnJ co “™“ exterieure de six c M a e *' 

nS des 16 e est 30 fois plus petite Sue la coujon- 

fnr™p 0 l met de 100 3 500 9 rammes d'alliage de titane sous 
inSJ d^%R° Pea a X l aStllleS ' 3pon 9 e ' da ns une bouteille en 
chauffe a ,nl- de haa t,sur 5 cm de diametre.Ce titane est 

to?rf PuL nn ?«? r degaz ? ge SOUS Vide d dix moi ns cinq 
torrs.Puis on introduit le deuterium a une pression de 4 n 

-19S-? t SSff?a reS ' La bouteille est alors ref?oidie a 

dix cycles E i ffn e d. Se rcchau££ “-0n Peut faire jusgu'a 
aix cycles. En fin d experience , la pression de deuterium 

joujrSrex^Se^a?" 3 que 1,0n cherche a avoir tou- 
jours un exces de metal par rapport au deuterium. 

On a mesure quelques emissions acoustigues.il n'v a 

pas de mesure systematique de bruit de fond sur'les bou- 

^ de^eu^ns^rn^ b ° Uteilles ** n'ont pas don- 

ne ae neutrons, on n'a pas trouve de bruit. Lorsoue les 

rim'i n-v'r 1 chargees en alliage de titane 2t deute- 

den^trons ?u? U ^ n ? correlation entre bruit et emission 

bre rionis^t^n ^ GS a U ^ eilleS tran sformees en cham- 

Des°bouf f J>es ' So a P ? deceler une emission d'electrons. 
ouffees de neutrons ont ete obtenues pour 15 e- 

chantiHons sur 30, a des instants divers . Troisbouteilles 
ont donne une emission continue de 3 a 4 Ms si™ du- 

30 e ^r^tei° rS qUE lES lilies temoins ne don- 
i * , ter que sur trois essais en melancre fD+H') 

hydrogene p™ neutrOTS 'H "'V - Pas eu d'essals In 

a , beS bouffdes de neutrons sont de 30 a 40 quelauefois 

?eni moJn^df^l 1 ^ ^ S ° nt P3S «PP°ductibli^elles du- 
^^ nZ J^° lns 5 a 10 microsecondes . Le recyclaqe ne donne 

tient°Srr fe de f neutrons , mais , inversement, si on n ' ob- 

la Seconded. near ° ns 13 P remid re fois, on peut en obtenir 
cles on a ™ emi f slon cesse toujours apres quelques cy- 
ment " II n'v^ l? le ? en J de f bu rsts avant tout refroidisse- 
'll - P de burst S1 1 'hydruration du titane se 

fait prealablement a l'exterieur avant les mesures ou si 

Pr AStiellemen? Ut4r H Um n ' SSt que de deux atmospheres, 
de titane pa?“f i ;“ange a S?. Une eXpbrience de chargement 

II/ Experiences d 1 electrolyse . (Fowler) 

deia declrite f ex P® ri ; nce . d 'Plectrolyse du type Jones 
tronsnS a 1 G , Sanba Fe et qui donne des bursts de neu- 

dlectroLs P e - d,41eCtr ° lySe 3 4td ctudie.Les 

fondu sous v?Se J daborees . sl f r Place. Le palladium est re- 
ronau sous vide,mais pas a 1’ arc. On a realise ainsi de^ 

sil?ats G positif2 SUite ® artGlGes * 0n n'a pas obtenu de re- 
suirars positifs jusqu f a present. 

vers l^am^TmSf 111 ^ ^ grou P G s'orientent d'une part 

part ve?S nic tl0n deS com P teurs neutroniques , d ' autre 
part vers des mesures calorimetriques . 



Experiences d ' electrolyse . ( Storms , decrite par Shermann) 

! . -,^ L ® groupe fab rique ses electrodes par fusion a 

dlabord 1 ! S?Jt? SS nV e P lusieurs alliages , palladium pur 

partlr d une Poudre de Johson-Mathey melanaec- 
palladrum rhodium (0,9 Pd,et 0,1 Rh en atomes^puis la- 

comSoJtant^e 3 3 f™-° n cherche a fabriquer un produit 

2 nombreuses dislocations . Ils ont obtenu du 
tritium dans une cellule (Sur 16 au total )ou il v 2™?? 
des poisons type thio-uree. (Pour une IfectrSde c^n?enant 
01 de rhodium, et 0,038 de lithium) . Le rapport S/52 

peut°atteind? r et Par mesure des dixnensions.il 

peut attemdre 1,2 en 250 heures. 

tion dJs stl^dt Sont . trGS dlaborees : elimina- 

distilLtion Hn / T. POUr eviter la fluorescence,re- 
d^a™- lat °? d 1 eau - ig s ont pris le spectre complet 

compitent^anS 0 ^^^ 6 ' 06 dal ?°ratoire, qui parait tres 

d °™ aine tritium, est egalement celui 

Lkris A ce tuntVth™ produit dans les experiences de 
Bocxns. A ce suj et , Shermann nous precise que les elec- 

es ayant produit du tritium chez Bockris ont ete de- 

peSvInt^onc^?^ 4 8 ?° de ? r ? S avant ^tro!ySe E?^s 

contemi dn , . . f lclleinen ‘ t: etre soupgonnees d’ avoir 

an^yse/sont ii""" 1 ’ 41eCtr ^ • , leur 

sement'en Hal I "° ntrd e-ichis- 

IV/ Experiences d 1 electrolyse . ( Gottesfeld ) 

, . < p e 9 r oupe fait des electrolyse a la P. et F II dp- 
tance 16 Chargement en». deuterium par mesure de la’resis- 

Les neutrons sont detectes a la fois par une cou- 

de S e NE213°Slacb rS 3 H ®J St par Un sci ntillateur liqui- 
cumJnt centre avec la cellule. (Voir le do- 

st U^ aeriaiinm^ 93 ^ 33 S °2* ddtectds P^r un cristal BGO 
germanium haute purete.Le compteur a NE213 sem- 

M V ° lr VU 2 n signal compatible avec des neutrons de 
2,4 Mev mais les He3 n'ont rien vu ! Reciproquement les 

tain^ ° nt COmpt " pendant unci?- 

^L^ P tandls gue lG NE213 restait muet.il y a done 
artefact quelque part. * 

ar . . _ E ? s ex Pdriences calorimetriques , a la precision de 


V/ Theorie . 


calcui du rapport de branchement des reactions D-D 

Le calcul a montre qu 1 aux tres basses energies relati- 
ilis dJ r ® c V ons D “ D pouvaient differer de 

nii?ro? s ie < ;?2„f? V r r de 13 raaction productrice de 
tatci d^!‘ C re ? ultat ne va pas dans le sens des resul- 
tats des experiences de fusion froide. 

Reaction D+T a basse onergie. 

D+D reSt ? nt Preponderantes par rapport 
tre 200 ??o“?i 91e ' reC ° Upement s 'uffectuant en- 

’ Int f5siOT a ?ii?di h ?° ri ?? e dSS rSsultats daa experiences de 
froide. Los Alamos n'en a pas pour l'instant. 
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VISITE DU 


LABORATOIRE DU PROFESSEUR HUGGINS. 


(Stanford) 


Dr Mart h a° U S^RE°?^ ainsi gue le 

1'apres midi,trois chefs dl projets de^ 4™ d f jeune " et 

a nous . (MM. J . CHAO, T . SCHNEIDER, R^ WEAVER) ^ ]01nts 

mir m eS: r n;t r L P ??fet 4 bi;n r e i? r^ina^fLiXcS^S- 

Ibve la valeur £ P lus - ” •»- 


Le protocole experimental est tres precis: 


anode est un fil de platine enroule au diametre 

Jente de 1 ^ *2 cei: !- ule P our <Jue la surface appa- 
a Sene d^ ? node ^oit superieure d'un facteur 100 

diSS^Je^fo 13 JJ thod f a fin que la surtension ano- 
q^que reste nettement inferieure a celle cathodi- 

SSdS? th ° de f n Palladium est obtenue sous forme d'un 

par dix^usL^ dlmensi ? n d ' un g^os grain de cafe 
par dix fusions, successives au four a arc sous ar- 

hle'lT^ 3 C6 ^ ^ P^sma soit de couleur sta- 
ble. La sole est *en cuivre refroidie par eau.Une 

pour' oSrifi2^n 0n COnsiste d fondre du zirconium 
pour purifier 1 argon, comme getter. On n ' est toute- 

fois pas suit d' avoir elimine le carbone du palla- 

a u?n?f' a 13 fabrication initiale , le fournisseur 
a utilise un creuset en graphite 

lou?d^J g e 36 - ait en BAG en azote sec.L'eau 

est fournie en ampoules scellees.La catho- 
de est reliee au generateur par un fil d'or enrou- 

e!t e 2o?tii X a t ?V t - aUtOUr ; A n ? ter ^ si la cathode 
. . . . air, on n obtient jamais de resul- 

dium P ° Sltlfs ' 1,h ^ne empoisonnant le palla- 

d^nc GllU i e - eS i fcellee a la cire.Elle est placee 
ans un bam d huile et on mesure la difference 

sembl e^es t f re -h entr ^ la, cellule et le bain. L' en- 
semble est fortement agite pour homogeneiser la 
temperature de la cellule. 

L ' electrolyte est LiOD a 0,1 M. (20 grammes) 


varier Le !es X pu^sancL S ?^L f ? iteS / anS , Prech«gement en faisant 

ment, une elevation de temperature^e 11 ^ • experimentaux ■ T YPiqu e - 
La temperature est mesure a 0 01 • ? orres P ond a 10 Watts, 
lectrolyse en utilisant de 1 • Sydrog^A^^uSe 3 ^te' 4 - 


- 12 - 


la'puissance'chimique ££ 1 E3£'i' 41ectro ^“ abSbrba " b de 

cite inferieure ”T%'pJ^ant ?I?L C ? rreSP ° nd 3 . une exotherm- 
lieu d'utiliser de l'hvdrooene nn e a ™ esure - Sl ' ma i n tenant,au 
courbe de T en fonction dn ® ' ° n . 5° nctlonne au deuterium, la 

1 1 hydrogene , maisfai/bout d“e^ofdeS ^ 

dessus de la courbe d'etalonn^c /■i?- eUX J? uir s,elle passe au 
terprete par une glneraWonTIneS^ 6 ] ° lnte) ' Ce ** - i»- 

binaison U des a gaz^Il'essai2ra U de 1 i Sera dS ? co1 lul es avec recoi- 

cell^es S d r ia U ?ois Stdlne ^ gSStion aStomati^e^rp^eur^ ^ ^ 

tres. fois , avec enregistrement en continu des parame- 


VISITE^AU^DOCTEUR GARWIN. (San Diego) 


V0 

varsity e"? ^^iSS'STSStS 

assez sceptique sur la realite de la®sion froWe efn4 s'en 

1989? Pa? a S??l V ° lr dooul ? ent n *12, "Nature", vol 338,20 April 
par le D o S ? lb qu ' un Panel vient d'etre organise 

l ct^meiribre ' de f (° idS ' Le Dr ' Gar “i" 

tres of f i ripi 1 omor-i-t- i i 6 tlPre,:L ^ a ete amene a examiner 

eluant ^positivement deS lab °«toires con- 

„ J-vemenr a la realite du phenomene . Nous allons 
ammer successivement ses diverses critigues. 


1/ Degagement d ' energie au labo Huggins . (Doc , 


n 


13) 


Garwin remarque que la conclusion qu'il existe un excec 

ficient 1 ? baS4e SUr la valeur du coef- 

riatTnn 1 1 ? age,K mesurant le rapport de la va- 

riation de temperature a la puissance fournie par la re- 
sistance. Or ce coefficient pourrait tres bien varier avec 

rait e ^r ratUre ‘5 lnSi ' la courbe lissee de Huggins pour- 
rait recouvnr des variations de 1 ' ordre de 5 a 7 ° Te 

en^esSlte 6 ^ P ? Ut 56 pr4senter lors de 1 ' electrolyse . II 
ulte que les exces d ' energie , mesures par les dif- 

ferences.serarent porteurs d'une eteur double 10 ? 

Garwin ev °que aussi la variation de resistance d'un 
facteur deux entre 1 • electrolyte en H et celui In V 


II/ Degagement d' energie au labo Appleby. 


Ici , evidemment , Garwin lui reproche de deduire 1 54 

valeur°de ^'^ergie.Garwifdl? la 

de 1 a 2 ^ de la recombinaison demande a etre 

^exIJs^in^ ??" U dS la I aible vaieur abso^e 
pourrait^ e |d e ner g ie,l' imprecision en vaieur absolue 

ditiSns L P ante * Garwin pense q^e, dans ces con- 

biui? 54 fond meSUr6s P°urraient n'etre que du 
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HI/ Degagement d'energie Chez Pons et Fleischmann. 

ohalJJr 1 sont t trds 9 ilauiJis2s li p rat i 0nS P ° Ur la ” esu re de 
re serieuse de^cSSn^fS -tr^anonne mesu- 

iv/ Degagement de tritium chez Bockris. 

gu-avec le tritium trouve 

coup de neutrons qui n • ont man^feSr P r °duirait beau- 
plus , en supposant gu'il n'v . feste ^ ent Pas ete vus . De 
D-D productrice de^ritiSi/n la SGUle Action 
cours de son rJlentissement L ^ le proto ^ aa 
diffusion inelastiqu^et^remstrah^un dSS g ? limas par 
palladium. Selon un calcul de n Rail g su f de n °y au de 
drait a dix moins sSnt ley ' CGC1 c °rrespon- 

entre 373 et 556 keV^t 5 ] 'nn h > r proton, (Doc. n° 14) 
sance onze tritons nar c n detecterait,pour dix puis- 
quatre gammas pa? second* S’ nde ' environ dix puissance 
a la P rod“?Ln de ??U?u m N G a ^^ nt 5Sf explications 
s'agit d 'un artefact. lum ' Garwin estime done qu'il 

V/ Bursts de neutrons. 

raient ItM^uriu^rSlt^iompteSrou P ° Ur ~ 

1' erperionce.il no/fdon- 
ce sujet.il pense gu'il f a ,i dU rap P ort de la Sandia a 
dans la detection UnG CGrtaine redondance 

tears indep^ndanLfsans compel ™V“ ieS de C °”P- 
contre les cosmiques permettrafl- So b ° nn ? Protection 
tence de bursts a’Sec Sn^tTprobab^Sr 4 h' 6 * 1 - 


autres^t^vaux^signales^ en fusion froide 

d f Pons et Fleischmann. 

ge m ents D d*^e?gie P continus e de F Ioo U ? a de n ^ ? btenus des dd 9 a - 

tes^looo % aprts GO 

nergie de^d^.puis^J^bSSrde^o T?oo f°" tlnas d ' d " 
ves pendant deux jours renrfeLtLf ? A°° fols Plus ele- 
puis de nouveaux bursts dSJJn? ? ^ 11 . MJ par mole de Pd , 
rature de la cellS“ pLs”de 3^ 5! i a tempe- 

t r perature 6 a v lieu „eu f heures apr^une^u^ftJLion 

IV Travaux de Glen Schoesso„,a Gainesville, Un iv.de Floride. 
iaultanement 9 des e neutrons U I a 2n ° btenu P ar electrolyse, si- 

chaleur au taux dr 60 °% S de ^^^S'des gammas, de la 
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HI/ Travaux du Dr. Wadsworth, en Utah. 


de P et F des r esultats identiques a ceux 

La duree des pics est variable auteur de 90 TuTes]*' 


DISCUSSION GENERALE. 


Production de neutrons. 


ou 4 sigmas ' U ” f0nd Continu de 1 ' ordre de 3 

Alamos 1^ mentionne pour P ° U ? / es dle ctrolyses . Los 

gazeux de titane Cela nou^p^h^ experiences en chargement 
1' existence du phSnomene dtlnf ^ ^ P ° Ur affirae ^ 
teur.Quand aux bursts les critimwe 6 la du comp- 
dia nous semblent pa?tiSuliKem^ ? ? arwin et de la San " 
tateurs , meme a Los^lamos iJ valab les.Les experimen- 

ments intempestifs On peut neammoi PaS & 1,abri de declenche- 
mesures neutroni^s n£ J penser ^e toutes les 

que quelques Snerc^Lp^nLnra un S „/ deS . artefacts 

II est t a un Phenomene interessant. 

tateurs utilisent des comn?e,/ lre que X ? s experien- 

ce, soit en ayant des series a c S ave f une certaine redondan- 

Production de tritium. 


de huit experiences d'Uectro^v ? t01re de Bockr is,au cours 

tritium detrols r c ?ng o?d?^ Y dS' r ° U r deS de 

cel les introduces au d ? grandeur superieures a 

te.Ces valeurs ne conce?n^i+- Par O? 3 ? lourde de l'electroly- 
obtenue par recombinaison 1 e I ec trolyte. Dans l'eau 

en tritium seraiSj 3e JS conca ntrations 

ses, correspond l uAe production t^ T Z o] : umes electroly- 

fois cel!e mesuree dan ^SecSro?^^ tritiUm de 100 

ont ete confirmees sur plusieurs ech JC?? i mesures d( r tritium 

ratoires , dont Los Alamos oil des purification! Par Clnq labo_ 
1 eau et le releve hm cno^v j pnrirications poussees de 

te possibility d ' erreurO ' ident^C^ 1 !^™ semble exclu « tou- 
mesuree. erreur d identification de la radioactivity 

que le tritium prSvient^e 1 ?^^ 1 ^ d ? CeS ex P 4rience s est 
d 'une eau tritiee donne dans tous h ?n!‘ En effet / 1 ' electrolyse 
eau de recombinaison appauvrie en tritiSm'na gaz ' donc une 
lectrolyte de ddpart.A^un tolnT 
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gui se deqaae cm n^r- » +. itie par echange avec 1 p 

etre la s?S?c 4 du P ?ri?i™ t con 1 -'" SCa 2 isr " eE -” ais 11 ™ PeSf 9 * 
tamination volontaire de 1 ' eleStrolJtl ) G ^ az ' 1T1GIne Par con- 
veillante d • eau tritiee) ou conS!l t' (lntroduct i° n mal- 
la cellule. Par centre la cathoS^ tl0n ? ar 1 ? s Parois de 
tritium avant 1 ' electrolvse n^i P ourr ait etre impregnee de 
les electrodes ont ete dS,as“e" a w- 1C "“ S de Bockri = ou 
heures donnent toujours du trltin. n * SO “ s Vlde Pendant 8 
sures en cours * d. ^ 

riences sont encore 4 ° eS ® xpa - 

tes experiences ayant fourni *dn 

E r “ 1 - 

ce 2 ri?ium de neutrons associes a 

le.la reaction ^donnant STp'SKS'cT" 
suppose des explications pas 13X11 

il serait impensable, neammoins ~cme 1 Yf ment f aci le a detecter, 
trouver l'origine Peut etr-^ ?? #qUe «i on n arrive pas a en 
longue mais elle sera pavante G1 \ cours sera-t-elle 

d'un artefact, comane le P pense ia?wir™ a n- ° rS s ! n s ' a 9 it 

ment un phenomene nouveaS Gal ™.°u bien s'il y a vrai- 


Production d^nergie 




$ 


portant, ^isgue^^est^u^aui 0 ^^^- 00113 semble le Plus im- 
recherchees.Garwin S ™ ^ a PP lic ^ions 

rimentaux obtenus sont faux d^aStant^ I® 3 rGsultats expe- 
d'energie n'a ete note utant qu aucun degagement 

table enguete pour d4noue? tSus ^ ur J e -J 1 fa ^ra une veri- 
actuellement melanges et imnrppi S facte V rs ‘Jui restent 
recombinaison . Tout ceci prendra 16 taUX de 

tiques de Gar^L 1 ^? ^rexpe?iencr r H iC ^ idreinGnt les cri - 
on constate que seule la prlcision L ? Hu ^ms, (Doc. n'13) 
ference des puissances peSt Itr^ a mesure de la dif- 

chiffres de laboratoire une Irreu? rtf Gn cause. D'apres les 
envisager dans le pire des cas q,,r ? 2X5 * -1 ° % se nait a 

comme retorque Hugains il roof ^ es exces d 1 energie . Or 
exces puisque on Holiitai?emen? n00r ? • de la ” ar 9 e ^ 
Ouant a la variation de resi2tfnL' 1 S 9l ^?® 1 la rec °t*inaison . 
tres, elles s'eliminent dan! df?e ® 1 'electrolyte ou au- 
Huggins dans sa reponse. (Doc l “« ence l'indique 

de tritium mesurees chez^ockris^aux 0 ^ 4 ^ 1 3es c JUantites 
excedentaires observees aussi a A a M^ans'un'auLflabo- 
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tS s cf; r ?2^ 0 ^ n \ donn2s 

oartl T f es " ree est de 1 • ordre de un a quelques MeJ 
?!Lf me de tritium, ce qui est 1 • ordre de grandeur des 
reactions nucleaires connues . 


Materiaux. 


. . Le Probleme des materiaux parait tres imnnr- 

sS? ce°pSint! enir d8S r4sultats Positifs et il y a accord 

i +- Pour le palladium, P. et F. n'utilisent oue ripq 

lots provenant de Johnson Mathey avec lesquels ils ont un 
accord. Bockns s ' approvisionne Jhez Texas^oin ExShanqe et 
aussi chez Johnson Mathey. II note un changement de comnor- 
tement selon les lots d'un meme fournisseur. .Huggins a re- 
l"Trc e rZ ? reUSet Palladium,!- a broye,puis 5SdS V 

soit a?n^ le et mettre en forxne.il semble que ce 

soit ainsi qu il obtienne la meilleure reproductibilite . 

, our le titane , 1 1 utilisation d*un alliacre com- 

vorable ij fP°^ tante en Phase beta semble fa- 

dif?ic?l'2 df ? P ® lle qU ' a texn P era ture ambiante,il est tres 
difficile de faire rentrer de 1- hydrogene dans du titane 

-i . , . cours de nos discussions , nous avons evocrue 

d^un mdtJi 111 ^ d '^ ne tra ns format ion martensitique brutSle 
d un metal entre les reseaux cubique centre et cubioue 

brutalempn? 1 ”^ 65 ' 06 ^ transformations pourraient relacher 
rutalement 1 energie emmagasinee durant 1 ' electrolyse et 
egalement produire des differences de potential "station- 
narres tres inportantes . Cette possibilite reste “JtSd^r. 

elle serait- D d.lf J® mesure ou la Fusion froide existe.et oil 

oomnrend?iit aSso 5 Phenomene de Physique du solide.on 
• P rendr ait assez facilement sa sensibilite a la purete 
voire au dopage du materiau. ' 

Panel de Washington. 


n o , . Les auteurs du rapport du panel (Voir document 

drait parLfrofl, * jUSte titre et 1 ' on ne compren- 
r-i oncoc • ^ l • 01 ? f ance un grand programme sur des expe- 
riences mexpliquees et non reproductibles . Par contre Ta 

sSntI rChe d ' ex P 1:L ? at;Lon <*es experiences actuellement pre- 
IlS IItimeI!t e P ° S ^ tl lf s est consideree comme necessaire. 

tuelles 6 danS ^ cadr e n aes e re t l^pe C s t 

de reunions r sur 1 le U sud q t e lES Americalns feront suffisaiment 
dLent Ulet pour 9116 les choses avancent rapi- 
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CONCLUSION GENERALE. 


n'avons pu LtttTen^dtf tut ' ?« C ? Ur ? de Cette missi °n,nous 
ceptibles d'etre a 1 ' origine^d ' un^rSfSrt*^ 1 ” 1 ? nt ^ les sus ~ 

grande valeur par la commmauM intematioraie 

theoues a e fE e S he qu !L reste encore beaucoup d ' hvpo- 

phdno n an™dJ'?u;ion n frliir™; rl9 °™ d “ 

iS d Con^s?S'^ ££? 

«? = 

rait souhaitable ainsi qu'un minimum de coordination 

</ 
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^ nTn^T nC ^ • £^ r e ^ cess ^ ea t generation rates during electrolvsis nf 
Appleby , Srinivasan^Kim^Murphy^Martin* ■^' calori "<*ric study. 

81 fr W i and “ in *>«•■» isea D2 

Menlove, Fowler, Garcia, Mayer,Miller,Ryan, Jones. (Los Alamos) 

9> ““a?£a? dS 13 11StS dSS ex Pdriences au gaz a Los Alamos. 

10) Extrait du livre : "Titanium and its alloys". 

H) In vesti g ations into the phenomenon of cold fusion. 

Gottesfeld , Springer yZ^wodzinski , Garzon . (Los Alamos) 

12) Consensus on cold fusion still elusive 

Garwm, Nature ,Vol 338,20 April 1989 . 

13) Lettre de Garwin a Huggins et reponse de Huggins. 

14) Lettre de Garwin a Wolf et Roth. 

15> anrSy d J?de?° ld fUSi ° n in hlgh pressure D2 loaded Ti and Pd metal 

Schirber, Butler, Ginley, Ewing. (Sandia Lab) 

* advisory f board.° f thS C ° ld fuslon P anel to the energy research 

17> Stack?(Ss h Wamos? leCted PaP<!rS °" COlf £usi °"- 

18) A & M pursues fusion mysteries. 

Dallas morning news. 

19) Cold fusion. The heat mechanism. 

AbuTaha . 

20> Storms^Talcott? (Los^lamos , 3 D/M raW ° " ear 
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ANNEXE . RENSEIGNEMENTS COMPLEMENTAIRES . 


Financement des travaux. 


-Pons et Fleischmann. 

.University of Utah: 5 millions $. 

.O.N.R. : 400000 $ . 

. Contrat General Motors. 

-Laboratoires Texas A & M a College Station.. 

.University of Texas. 

.Welch Foundation. 

.E.P.R.I. a raison de 100000 a 200000 $ par labo. 
-Laboratoire de Huggins a Stanford. 

.University of Stanford. 

. E . P. R. I . , quelques 100000 $. 


Prochaine reunion sur la Fusion froide aux U.S.A. 


- 


e> 


II est question d'une reunion au debut Septembre, 
organisee par N.S.F. et -ou- parSJa^. P. R. I . a Washington ou 
a Palo Alto. Appleby en serait co-chairman avec Chew. 


Collaboration possible avec les labos U.S.A. 
— 


-Ce probleme a ete evoque avec Appleby qui nous a indique 
qu f il etait pret a envisager une collaboration avec les 
Europeens selon^des modalites a discuter,qui comporte- 
rait un volet financier et un volet technique. 

— Bien que n'ayant pas vu Bockriss lui— meme,il semble qu 1 une 
collaboration soit possible avec son laboratoire qui com- 
porte de nombreux etrangers . 

-Avec Losk Alamos, un collaboration existe deja puisque ses 
chercheurs (Notamment le Dr. Garcia) envisagent d'utiliser 
les installations du Bugey ou du Frejus.Par ailleurs,ils 
ont une collaboration avec le C.E.A.pour des calculs de 
reactions nucleaires entre elements legers. 



